iii.OOD GROUPS 
AND 

TRANSFUSION 



Third Editioti — Third ^Printing 


Blood Groups 

and 

Transfusion 


B, 

Alexander S. Wiener, A.B., M.D., F.A.C.P. 

Serolofut and Baalenolognt tn ihe Office of the 
Chief Medical Examiner of Ne%v York C«> 

Head of Transfusion Ditision, The Jewish 
Hospital of Brooklyn, New York 



1946 


Charles C Thomas 

301 327 East Lanrence Avenue 


Publishet 

Springfield, Illinois 



CrrAstFs C Thosias Puvlisiier 
301 327 Hast Avem.e SPBiNLritiu Uusots 

•ANhClISIOhE IIOU^ 


J’ubluhrd simtttlaHeously in Cariadit Vy 
The R\eiiso*( P*ess Tosonto 


All rights in ihis book are reserved No part may be reproduced m any 
form whatsoever without permission lo wntm, from the publisher 
except by a reviewer who wishes lo quote estremely brief passages in 
connection with a cniical review Reproduction in Khote or in part in 
digests In condensations o( the I Uratute m lectures or in films, or by 
multigraphuig lilhopnnitng or by anv other processes or devices is re 
served by the publisher For infomuuoa address 

Charles C Thomas Publisher 


Copirttbl , h Charles C Thomas, Publisher 


First edition Fii^t Pnnlw, February IWS 
Second Edition First Printing October 1930 
Third edition First Printing January 1913 
Third Ld tioD Second Pnntme July 1943 
Third edition Third Printing 31arch 1946 


Pnnted in ike Vntttd SW<i vj A rnrrtea 



TO 

MY WIFE 
GERTRUDE 



PREFACE TO THE THIRD EDITION 


The last three years have witnessed a marked increase of interest in 
the fields of blood transfusion and blood grouping, owing not only to 
the outbreak of the war but also to the mdespread adoption of “blood 
banks” m civilian hospitals Hundreds of new articles on these subjects 
have appeared since 1939, when the second edition of this book ■was 
printed, and during the present year three important monographs have 
been published in this country one dealing with blood grouping technic 
the other two with the transfusion of blood and blood substitutes 
Since there still appeared to be need for a more comprehensive book, 
containing in compact form the available knowledge concerning both 
fields, blood grouping and transfusion this third edition was prepared 

This volume is intended to summarize the present knowledge con 
cermng the theory and technic of blood grouping to present the appli 
cations in clinical, legal and veterinary medicine and in anthropologj 
and to assemble and integrate the essential facts concerning the trans 
fusion of whole blood plasma and serum 

The present edition contains two new chapters one dealing with the 
transfusion of stored blood and blood substitutes, and the other with 
the recently discovered Rh factor and its r61e in erythroblastosis fetalis 
The remaining chapters have been extcnsivelj revised and considerably 
amplified by the addition of new material, m some cases, chapters have 
been almost completely rewritten For example, on account of the m 
creased interest in blood tests evinced by anthropologists many new data 
have been added to the sections dealing with the racial distribution of the 
blood groups and the blood group factors in apes and monkeys and older 
observations have been re interpreted m the light of our more recently 
acquired knowledge 

An attempt has been made to make the presentation readable to 
those unacquainted with the subject, but wathout sacrificing complete 
ness of exposition, as far as possible Tho^^e sections which may be of 
interest only to specialists are given in small print and may be omitted 
without loss of continuity As in the previous editions, not every con 
trifiution coufd be incfudecf an endeavor bas been made to review aft' 
significant publications, but a number of papers worthy of notice may 
well have been overlooked 

It is hoped that the section on the transfusion of stored blood and 
plasma may prove useful in connection with the application in military 
medicine The section on transfusion reactions had to be rewritten in 
new of the newer knowledge concerning intragroup incompatibility 
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The author wishes to take this opportunitv again to thank all those 
readers who h'i\e made suggestions and comments of uhich he has 
made use in preparing this revised edition He is particularlj indebted 
to several of his colleagues who were kind enough to read and criticize 
the manuscript and who have thus given him the advantage of their 
experience To Mrs Barbara iMuIIin and Mr Isidore Kosofsky he is 
indebted for their diligent assistance in the preparation of the manu 
script material, and to Mr Charles C Thomas, as always, the writer 
wnshes to express his appreciation for his cooperation and helpful 
advice 
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CHAPTER I 


INTRODUCTION 

Since time immemorial the individualitv of all organisms has attracted 
attention No two animals no two plants are e-tactly alike The 
morphological differences of animalb have been used as a basis for 
their classification into groups of similar animals, known as species, 
but, within each species, morphological differences of a lesser degree 
exist Thus, human individuals can be recognized by their features, or 
even by their voices And the fact that the finger prints of any indi 
vidual are different from those of every other human being is accepted 
as a means of identification in criminal cases 

Some of the differences which determine individuality are inherited, 
whereas others are caused by the environment The hereditary varia 
tions are determined by genes which are located in the chromosomes 
The genes occur in pairs, one member of each pair having been denied 
from the maternal parent and the other from the paternal parent there 
IS usually at least one pair of genes controlling each characteristic of 
the individual In the Drosophila melanogaster, the speciea whose hered 
ity has been most thoroughly studied, and which has only four pairs of 
chromosomes, more than 500 distinct pairs of genes haie been iden 
tified * Since man possesses 24 pairs of chromosomes, the possibilities of 
variation would seem to be much greater The genetic make up of an in 
dividual determines his “genotype,” but since the influence of the germ 
plasm is modified by the effects of the environment, individuals wnth 
the same genotypes do not appear identical The ultimate composition 
of the individual resulting from the combined influence of heredity and 
environment is termed the “phenotype ” It is obvious that there is eien 
greater variation among the phenotj'pes than among the genotypes 

WTiereas the morphological species characteristics and individual dif 
ferences have been known from the earliest times, until comparati\el> 
recent years the existence of biochemical differences was not clearl> rec 
ognized During the nineteenth century, some blood transfusions were 
performed on human beings with sheeps blood or the blood of other 
domestic animals The occurrence of fatal reactions to such transfusions 

’ By comparing mutations induced by x ray treatment mlh those occurring nal 
urally Gowen and Gay \_Genehcs 18 1 (1933)3 ha%'e estimated that there are about 
2000 distinct genes capable of producing >asible effects in Drosophila and in addition 
there are many other loci occupied by genes vital to the normal rnotpholog> and 
well being of the organism. 

3 
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caused Landois and others to investigate this problem Landois* found 
that if human blood is mixed with the blood of other animals vi iitro, 
hemol>sis or agglutination of the blood cells results This work as well 
as Bordet’s work, in which he immunized animals with the serum or 
blood of animals of different cpecies, led to the concept of a species 
specificity of the blood * From microscopic studies it had also become 
knowm that the erythrocytes of animals of different species \ar> m 
morphologj, i e , AMth respect to their size, shape, presence or absence 
of a nucleus, etc 

The first observations on differences between the bloods of normal 
individuals belonging to the same species were made by Landsteiner' 
m human beinga in 1900 Landsteiner’s investigations were prompted 
by the discovery of serological species specificity, which raised in 
his mind the question whether similar specific differences presumably 
of a minor order, existed between individuals of the same species He 
chose the simplest possible method of investigation namely of mixing 
the serum of one normal individual with the red blood cells of other 
normal individuals Instead of the reactions of a minor order that might 
have been expected, Landsteiner found that in certain cases a marked 
agglutination of the red blood cells resulted while in other cases the 
blood cells were entirely unaffected On the basis of the isoigglutina 
tion* reaction, Landsteiner was able to divide human beings into three 
distinct groups ® The fourth and rarest group was discovered in 1902 by 
von Decastello and Sturli,* the latter a pupil of Landsteiner s who con 
tinned this work at Landsteiner’s suggestion * On account of the con 
slancy of the blood groups, from the outset their constitutional nature 
was obvious Nevertheless, several subsequent authors attributed the 
occurrence of the phenomenon of isoagglutinalion to disease 
A continuation of these studies in man and other animals revealed 
that in several of the higher animals at least, a marked individualitj 
of the blood exists Shortly after Landsteiner s original discovery Fhr 
Iich and Morgenrolh* succeeded in demonstrating individual differences 

’Landois Die TraniSuucn desBlules Lcpzig (18 S) 

' Annales de t/nslilul Pasteur 12 <>8S (1893) 

' Zenlralbl / Cafeierio/ Parastleni « Infeetiomkrunth 27 35 (19001 
’The term woagglutination refers lo apRliitinalion resulling from mixiuris of 
cells and 'crum of indwiduals of the jame species fte/eroagglutmaiion refers (o simi 
hr reactions between bloods of indmdoals of different *pccies 
‘Uicn Urn Uoc/i 14 1132 (1901) 

'Hunch med U orh 49 1090(1902) 

*«iee Decastello A Mien llin Mock 44 (1931) Mith regard to the circum 
‘tanccs leading to the discoverj of ibe Mood groups the reider is referred to Land 
Steiners Nobel Lecture Setenee 73 403 (1931) 

• Berlin kliii M oc/i 37 453 (1900) 
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m the blood of goats with the aid of immune sera prepared by injecting 
goats with the blood of other goats Similarly, m 1910, Todd and White’® 
produced immune isoantibodies by means of which the blood of one 
cow or bull could be identified among the bloods of more than 100 other 
cattle The existence of a similar individuality in the blood of chickens 
was first indicated by the work of Landstemer and Miller” in 1924, 
^^d m 1930, Todd” demonstrated practically a complete individuality 
of the blood m that species Evidence that individual differences exist 
m the blood of other species has been obtained in anthropoid apes, low er 
monkeys, dogs, cats, horses, sheep pigs rabbits and, more recently m 
mice, rats and pigeons 

In 1911 von Dungern and Hirszfeld” discovered the existence of 
subdivisions m two of the four human blood groups, and in 1927 
Landstemer and Levine” discovered three additional individual prop 
erties in human blood, designated by them as M, N and P Later studies 
on individual differences in human blood indicate the existence of still 
further serological differences so that m this respect there is no funda 
mental discrepancy between the conditions obtaining in human and 
animal blood Of the more recently reported individual differences in 
human blood those determined by the property Rh, described by 
Landstemer and Wiener” in 1940 have proved to be of clinical sig 
nificance ’* 

The serological differences m the blood cells are purely constitutional 
in nature, they are determined solely by heredity, and are not influenced 
by environment That the four Landstemer blood groups are inherited 
was suggested by Ottenbergand Epstein" in 1908 and definitely proved 
in 1910 by von Dungern and Hirszfeld '* The exact mechanism of hered 
ity was not determined until 1925, however, when Bernstein’® solved 
this problem Also the more recentJ} discovered serological differences 
in human blood are inherited according to Mendel’s laws, and the same 
has been found to be true of animal bloods as far as they have been 
studied The constitutional nature of the individual differences of the 
blood has been emphasized by the discovery that the substances which 

” Proe Royal Soe B 82 416 (1910) 

'Proc Soc Exp Biol and Med 22 JOO (1924) 

PfQC Royal Soc B 106 20 (1930) 

Zeitsckr j Immumlals 8 ^26 (1911) 

■ Proc Soc Exp Biol and Med 24 600 941 (1927) 

” Landstemer and tViener Prac Sac Exp Bial and Med 43 223 (1940) 

“ \\ lener and Peters Ann Int Med 13 2306 (1940) Levine KatzmandBum 
ham Jour Amer Med Assoc 116 82S (1941) 

” Trans N I Palkol Soc 8 187 (1908) 

’’Zischr / ImmunifaCs 6 2S4 (1910) 

"Zeitschr f indukt Abstammungs « iererbungs 37 237 (1925) 
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characterize the four blood groups are present in almost e\er> tissue 
of the body, and in most individuals, also in the body fluids and ^ecre 
tions 

The manifold applications of all this work in biolog>, and in clinical 
and legal medicine prove that it is not merely of academic interest The 
application of the Landsteiner blood groups for the selection of blood 
donors has made blood transfusion a celalively safe procedure and has 
undoubtedly saved thousands of lives In forensic medicine this know! 
edge has been applied for the identification of blood stains and for the 
determination of non paternity Data have been collected by studies on 
the serological properties in various human races and m primates which 
are of value to anthropology, and contribute to the knowledge of bio 
chemical evolution Its contnbuiion to serology has been to increase our 
understanding of the nature of the cellular antigens The subject should 
therefore be of interest not onlv to the immunologist, but also to the 
physician the lawyer, the geneticist and the anthropologist 



CHAPTER n 


THE FOUR BLOOD GROUPS 

When the red blood cells of any normal human individual aie suspended 
in normal ‘salme solution, an e\en suspension results If this red blood 
cell suspension is mixed with the serum of the same individual or of 
other individuals belonging to the same blood group, the suspension re 
mams apparently unaffected (cf fig 1) On the other hand, if the blood 
cells of individuals of certain groups are mixed with the serum of indi 
viduals belonging to certain other groups, the red blood cells will come 



Fig t ^ECATIVE Reaction Fig 2 Posiinx Reactio'j 

(!\o agglutination ) (^honmg intense agglutination of Jhe 

Magnified t 80 red blood cells ) 


together m clumps (cf fig 2) This phenomenon of agglutination forms 
the basis for the division of all human beings into the four groups 0, 
A, B, and AB (cf table 1) 

The agglutination of cells when mixed with serum depends upon a 
specific reaction between two substances, one in the red blood cells 
(called the agglutinogen), and the other in the serum (called the agglu 
twin) This reaction is of the same order as the well known agglutina- 
tion tests in bacteriology, in which case the agglutinogen is contained 
in bacterial cells The specifiaty of the reaction mav be compared to the 
specificity of the Widal reaction and other specific agglutination reac 
7 
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tions commonly used in bacteriology. The technic of blood grouping is 
simpler than that of the bacteriological tests, and the reactions are so 
clear-cut that there can be no uncertainty when the tests are properly 
performed. 

According to Landstemer,' the existence of the four blood groups 
depends upon the presence or absence of tn o agglutinogens A and B in 
the red blood corpuscles and two agglutinins, a (or anti-A) and (3 
(or anti B), in the serum (or plasma), such that a is specific for A. 
and p is specific for B In table 1 is shoivn the composition of each of 
the four Landsteiner blood groups Several different nomenclatures for 
the four blood groups hate been used, namely, the numberings of Moss 
and Jansky, and the International Nomenclature, officially recognized 
by the Health Committee of the League of Nations The Moss and 
Jansky numberings are no longer used in scientific publications, and are 
only given here because they are still being used in a number of in- 


Table I 

CCASSITICATION ASP CoUPOSlTtOS OP IHE LASBSTEISER BWOO GROUPS 


International I 
Nomendaturc | 

Janskv 

1 Numbering 

^foss 

Numbering 

Cell, 

(AgRlutinogcn) 1 

1 Scrum 
(\gR[utmin) 

0 

I 

IV 


a and 0 

A 

n 

rt 

A 

S 

n 

1 HI 

in 

B 

c 

AH 

IV 

I 

A and B 

— 


stitutions The e-xistence of two systems of numbering h.is resulted in 
confusion on many occasions, and has probably been responsible for 
several transfusion accidents By the use of the International Nomen- 
clature, which corresponds to the agglutinogen content of the red blood 
cells, such mistakes are prevented 

Lc\ine and Katzin* have ricenlly made a suney of the clas'nlications m us 
in American hospitals From their rlafa, (here appears (o have been a gradual in 
crease in the use of the Infemational Nomenclature The interc't in the medicolegal 
appheadons of blood grouping will undoubtedlj stimulate the more general use of 
the International Nomenclature, once in thi> manner the heredity of the blood 
properties is presented more direcll) * 

If the Rera of indi\iduals of each of the four blood groups are mixed 


Ml’icn kliii n'och 14: 1132 (1901) 

Vonr Amcr Med Afsoc 110; 1243 (1938) 

*In this connection sec' Report of the Committee on Medicolegal Blood Group 
ing Tests [Jctir Amer Med Assoc 108: 2138, 221S (1937)] in which the use of 
the International Nomenclature is advocated 









10 BLOOD GROUPS AND TRANSFUSION 

ing agglutinogen in the red blood cells, e g , the «erum of a group 
A individual contains only agglutinin p, not agglutinin a The examina- 
tion of the serum for its agglutunn content, therefore constitutes a 
valuable check on the technic The tests are performed by mixing the 
unknown serum with known cell suspension of groups A and B If both 
cell suspensions are agglutinated, the unknown serum contains both 
agglutinins, and consequently the individual belongs to group O 
In a similar way the other groups are determined (cf tables 1 and 2) 

TECHNIC OF DLOOD GROUPING 

A Sloci Teslnis Sera As has just been pointed out, only two testing 




A 

Slente PipeUe arid Nipple One end has been Jeoselj packed with cotton 
the tip has been sealed and the pipette then sieulized in a hot air oven Be 
fore u c the tip of the pipette is broken off and ihe outside of the capillary 
IS flamed 


B C 

Stenic 2 c c vial Sterile vial containing serum 

and hermelicall> sealed 

sera are necessary, one from an Kidividual of group A and the other 
from an individual of group B The sera selected should be of high titer 
so that they react with bloods of low •sensitivity (cf page 18), such as 
occur m groups A and AB (subgroups Aj and ^-B), particularly in 
infants With a weak serum only the more sensitive blood cells will 
react, and errors in grouping have resulted in this way 
It has been found that the serum of individuals suffering from cer 
tTin pathological conditions cauaes a high degree of pseudongglutina 
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tion and autoagglutination which may be mistaken for true isoagglu 
tination (cf pages 36 and 39) Furthermore, the titer of the agglutinins 
m very young children or old individual^ is usually lower than that of 
young adults and middle aged individuals (cf fig 9) For these reasons, 
preferably healthy joung adults or middle-aged individuals should be 
selected for obtaining testing sera 

The blood is best distributed m test tubes and allowed to coagulate 
The clotted blood is rimmed with a stirring rod, and the serum can 
be separated either bv centrifuging the blood, or by allowing the blood 
to stand in the ice box over night The serum is then transferred to 
ampoules, with the aid of capillary pipettes (cf figure 3) All opera 
tions must, of course, be done under stenie precautions In the writer’s 
laboratory the sealed ampoules are placed m a water bath at 56°C for 
20 to 30 imnutes and then labelled with the group and date It is con 
venient to use ampoules of only 1 c c capacity because if the serum 
IS kept in large ampoules, U may be contaminated by repeated with 
drawals High titered serum which has thus been properly stored in the 
ice box, retains its potency for a long time Various chemical preser 
vatives have been suggested but they are unnecessary, and it is pref 
erable to store unmodified serum One of the preservatives suggested 
IS phenol to 9 parts of serum is added 1 part of 5 per cent phenol in 
normal saline solution Rosenthal* has suggested the following preserva 
tives, which at the same time, color the two sera differently, thus aiding 
m their identification To each cc of group A serum is added 0 01 
cc each of 1 per cent aqueous solution of neutral acrifiavine and 0 5 
per cent aqueous solution of basic fuchsin, and to each cc of group 
B serum is added 0 01 c c of I per cent aqueous solution of brilliant 
green Another useful preser\ative is merlhiolate, one part of the 1 per 
cent solution being added to 50 parts of serum 

Some workers have suggested the storage of grouping sera in the 
dried form, for example, sera dried in the Flosdorf Mudd apparatus 
However, the use of speaal apparatus and additional work is required 
for drying sera, and, besides, the dned sera have no superior keeping 
qcea^Ure^ as omtpsced to the Aijcstf sera 

For obtaining stock t>’ping «era it is preferable as Thomsen suggests to allow 
the bfood to stand m the ice box overnight and to draw off the serum at low tempera 
ture (if necessary by centrifugation) so that if anj auto-agglutinms are present 
(cf page 39) they wiH be bound by the blood corpuscles as far a' possible and thus 
reraoNed from the «erum If the serum has any rouleaux forming properties it should 
be diluted with an equal volume of saline before use 


Wour Lab and CUn Med 16 1123 (1931) 

‘Ives and van Roogen Bnl Med Jour 2 841 (1939) also cf Flosdorf and 
Mudd Jour Immunol 34 469 (1938) 



12 BLOOD GROUPS AVD TRANSFUSIOV 

Sera may also be purchased from certain commercial houaes Since 
occasionally preparations are encountered which are not reliable,® each 
vial of serum should be tested for its polencj and correct labeling be 
fore use 

B The Blood Cell Suzpcmwn The blood cell suspensions used should 
be fresh (cf page 20) A few drops of blood are obtained from the 
finger or ear lobe and suspended in several c c of normal saline solution' 
(to which may be added also a small amount of 3 per cent sodium citrate 
solution) This may be used directly, or if desired, may be washed once 
as follows The suspension is centrifuged and the supernatant solution 
discarded The red cells are then resuspended m normal saline to make a 

1 to 2 pet cent suspension (m terms of blood sediment), as 3 udged by 
the eye 

If one desires lo examine both cells and serum, 1 to 2 c c of blood 
are collected in a test tube by means of a venepuncture, or a smaller 
quantilj from the finger or ear lobe m a capillary tube The blood is 
allowed to clot, it is then rimmed and centrifuged The ‘'erum is 
pipetted off into a separate tube to be tested later on, and the blood clot 
IS shaken up with normal saline solution Some of the blood suspension 
thus formed is pipetted off into another tube, the blood cells are then 
washed once and resuspended in normal sahne solution to make a I to 

2 per cent suspension When the time element is important, os before 
transfusions, the blood can be collected into citrate solution (cf page 
61) or mixed with a small amount of powdered potassium oxalate 
and the plasma and blood cells separated by centrifuging can be U'Cd 
for the tests The presence of the small amounts of citrate or oxalate 
required does not interfere with the reactions Or else, the unmodified 
blood can be defibnnaled by whipping it with wooden applicators 

In order to determine the agglutinin content of unknown sera it is 
necessary to prepare cell suspensions of known groups If individuals of 
group A and group B are not always available, the blood maj be kept 
for several weeks in the ice box by preserving it in the solution recom 
mended by Rous and Turner * 3 parts of sterile, whole blood are mixed 
with 2 parts of 3 8 per cent sterile, sodium citrate solution, and S parts of 
5 4 pec cent sterile, glucose solution When needed, a small amount of 
this blood may be removed with a sterile pipette and suspended in nor 
mal saline solution, this suspension being washed once as described 


*Coca Jouf Lab and CUn iled 16 405 (1931) 

’ The physiological ’ (or normal ) saline solution used for Wood cell «osp<^n«ions 
IS pcejwrcd by dissohing 8 5 to 90 grams of sodium cWonde m a liter of disiilled 
ivater It ma> be found moreconsementlo prepare a stock 10 per cent saline solution 
from which the dilute solution can be prepared as needed 
*Jour EzPer Med 23 219 (1916) 



above for the fresh cell suspension However blood cells keep as well 
or better when preserved as a clot in its own serum 

On the other hand, saline suspensions must be quite fresh when used 
since, apart from bacterial contamination even at low temperatures 
changes occur in the properties of the erythrocytes that may gi\ e rise 
to false agglutination (cf page 46) and weaken the specific reactions 

Table 4 


Examination or Unknown Blood Cell Suspensions \vith Known Test Sera 


Bloods of 


Reactions with 

A Serum 

Reaction with 

B Serum 

Group 

Unknown 

1 


_ 

0 

Unknown 

2 


_ 1 

0 

Unknown 

3 

- 

+ + + 

A 

Unknown 

4 

— 

+ + 

A 

Unknown 

5 

+ + + 

++ ! 

AB 

Unknown 

6 


— 

0 

Unknown 

7 1 


+++ 1 

A 

Unknown 

8 

+ + + 


B 

Unknown 

9 
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0 

Unknown 

10 ' 

' 

- 

0 

CONTROLS 
Group 0 
Group A 
Group B 


1 

1 + + + 

+++ 



7be strength of the reactions IS indicated h) crosses Sorinstuice 
Positive + + + oneUrgeclump complete agglulination + clumps just \isi 
ble macioscopically 

Negative — microscop cally homogeneous suspens on 

According to Sandstrom * blood suspensions can be preserved by the 
addition of formalin in a concentration of 1 1000 
C T/ie Grouping Tests The blood grouping tests may be performed in 
several ways According to the technic recommended by Landsteiner, " 
one drop each of unknown cell suspension saline and testing serum 
are mixed in a small test tube (inside diameter 7 mm ) which is then 
allowed to stand The reactions are usually visible within a few minutes 
but the final reading should be made after an hour A small drop of 
the mixture is transferred to a glass slide by means of a stirring rod, 


'Zentrabl Bakler 113 1 (1929) 

"Cf ’pzgeQQS in The ^ett€r Knowledge of Bectmohgy and Immunology Ed ted 
by Jordan and Falk Unj\ersity of Chicago Press (1932) 
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and examined microscopically under lo^\ power As a control, blood 
suspensions of known groups should be included m each experiment 
By way of illustration, a sample protocol is given m table 4 

The reactions can be expedited and intensified by centrifuging the 
tubes at about 2000 revolutions per minute, for about one minute " The 
tubes are then replaced in the rack, which is shaken until the negative 
control blood cells are evenly suspended The reactions are read with 
the naked eye (Schiff, cf fig 4) 

A third method of performing the tests, which is convenient when 
only one or two bloods are to be examined, is earned out by mixing the 



Tttt tube i The mixture of cell suspension and scrum >$ renttifuned and as a 
result the blood cells are packed at the bottom of (he tube 

Test tube 2 After shaking the sedimented cells break up into an even suspension 
— Negative reaction 

Test tube 2 Shaking fads to separate the packed cells v^hich lloat about in one 
cIum[>~Sirang positwe reaction 

Test lube 4 Positwc reaction of moderate strength 
rest <«f>e S Same as 4 after standing a short time 

cell suspensions and serum directly on a glass slide (cf fig S) One drop 
of group A serum is placed on the left end of the slide and 1 drop of 
group B serum on the right end of the slide, and 1 drop of unknown cell 
su<!pension is mexed with each of these sera The 'Iide is then tilted 
back and forth for 3 to S minutes, after which time the drops ma> be 
covered with cover slips, to facilitate examination under the micro«cope 
In applying this method, one must take into account the po«sibility 
of pseudoagglutmalion (cf page 36), since the serum is only half di 
luted 

using glass slides or porcelain pbles with a number of wells it is possible to 
test many bloods 'imultaneously by an open slide method The paraffin nog slides 
used m the Kline test for syphilis arc well suited for this purpose ’* They arc pre 

"Schiff Die rechntk der BliitgTuPPenuntersuekunf’ Page 23 Julius Spnngir Ikr 
lin (1932), Lesmeand Mabce Jour Immunol 8 428 (1023) 

“Kline \UcTOitofnc Slide Fttiip^Mwn Tests ior Syphdii 99 pp William & 
Wilkins Co, Baltimore (1932) 
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Serum A Serum B 

(Anti B) (Anti A) 



Fia 5 Bukid Gkoupinc o\ Glass Slides 
(Actual sue) 


pared as follows Glass slides (2x3 inches) are thoroughly cleaned and rubbed on 
both sides with paste prepared Irom scounng powder (eg Bon Ami powder ) 
When the paste is dry it is completely rcmosed from the slide with a clean cloth 
The instrument used for making the rings (Green) consists of a soft iron wire 
(No 28) which has been wound twice around a lest tube to form a double loop 
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about IS mm m outside diameter, (he ends of the wire being twisted to form a 
doubled stem which is inserted into a wooden handle or a hemostat The wire is 
covered b> clo'elj winding linen thread (no 12 ) about it To make the paraffin 
rings the instrument is dipped into melted paraffin (about 120'“C), drained quickly 
by touching the side of the dish and then the ring is made b> placing the loop on 
the cleaned glass 'Iide The capacity of each well being about 05 c c , in making the 
grouping tests small drops of serum and cell suspensions arc used (approumately 
02a c c ) The serum and cell suspension arc mixed by rotating the ®lide rapidlj on 



Fia d BoeR^ER Skalinc ArPAiuTts Showing Well Sudes 
LN POSmOS FOR SnA&lNC 
(Courtesy of A H Thomas Co ) 


a Hat surface or by tilting the slide back and forth for 4 to 5 minutes after which 
time the reactions arc read both macro- and microscopically By using a special tray 
which can hold 3 of the paraffin ring slides as many as 36 tests can be readily dune 
siroultaneoujl) but no more than this number should be attempied at one time lest 
evaporation interfere with the reactions In using this technic of cour'e one must 
be avrare of the possibility of pscudoagglotinalion as m the common slide method 
Using serum diluted I 2 or 1 3 will circumvent this ciraw'pac'k 

The performance of multiple tests by the open slide method has been simplified 
by the appearance on the maiktl of prepared 4ides each with 12 wells \\ hen such 
slides are used it is only necessary to nnse them off with water and to dry Ihem in 
the air or by wiping before carrying out additional tests The tests can be further 
facilitated by using a shiking machine (cf Sgure 6) 


The method recommended In' Landateiner is particularly advisable 
when a number of bloods is to be examined at the same time Moreover, 
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tests made m tubes can be examined repeatedl} over long periods of 
time, and the dilution w ith normal saline solution as a rule pre\ ents the 
occurrence of pseudoagglutination The centrifuge method has the ad 
vantage of speed, and by this method also many specimens of blood 
may be examined simultaneously The common slide method is espe 
ciaily convenient when only I or 2 specimens are to be examined, as 
when testing blood before a blood transfusion A number of workers 
perform the grouping tests by the hanging drop technic which is com 
monly employed for bacterial agglutination tests This method is too 
tedious for routine tests but may prove advantageous when the amount 
of material available for eraminalion is small as with blood stains 
(cf page 414) The tests by any method are usually performed at room 
temperature Very low temperatures are to be avoided because of the 
danger of non specific reactions (cf page 39) 

D Titration oj Sera For the selection of testing sera (cf page 10), 
and for other special purposes, it is necessary to determine the strength 
of the sera One method of doing this is by titration The principle in 
titration is to mix progressively higher dilutions of the serum tvith a 
constant amount of sensitive red blood cells The titer of a serum is 
given by the reciprocal of the highest dilution of the serum at which 
agglutination still occurs Thus, if the highest dilution of the serum 
at which agglutination occurs is 1 / 64 , the titer of the serum is said to 
be 64 

The tjtratjon of the serum may be set up in ^alJ lubes as follows In the fir«t 
tube IS placed 0 2 c c of undiluted serum and m each «ucceedm| tube is placed 0 2 
c c of normal saline solution To (he second tube is now added 0 2 c c of serum and 
the serum and saline m this tube are mixed 0 2 c c of the mixture is transferred to 
*ne following tube and the procedure is then repeated for each of the subsequent 
lubes discarding the 0 2 cc of diluted serum obtained from the last tube Each 
tube now contains 0 2 c c of progressively doubled dilutions of serum To each tube 
IS added 02 cc ofa2S per cent suspension of sensitive red blood corpuscles 
The mixtures of diluted serum and blood cell suspension arc allowed to stand 
with occasional shaking for 2 hours at room temperature after which time the 
contents of each tube is examined for the presence or absence of agglutination A 
sample protocol of a serum titration would read as fo^ows 

Sert/m Dilution 11 12 14 18 1 16 1 32 1 64 

Reaction +'*-+ + + + ++— ++i rt ~— 

The titer of the serum m this case is 32 

The measuring pipettes used for makmg the dilutions of serum should be 
equipped with a small loose plug of non absorbent codon (Thomsen) This is to 
prevent saliva from getting into (he pipette since inhibiting substances may be 
present in the sahva (cf page 274) The dilutions can also be prepared with 
capillary pipettes and nipples measuring the guandt es by drops Although the prin 
cipfe of titration is simple in practice the results are not entirely satisfactorj for 
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even uith careful work a difference of I and somclimcs even 2 fulws cannot be 
avoided ” 

For the selection of testing sera an abbreviated titration u'ing only dilutions 1 1 
1 10 1 20 1-40 and 1 80 is sulbcient A satisfactory «crum will give reactions 
vnsible to the naked eye in dilution 1 20 However as it is best to d lute the testing 
sera with an equal volume of saline before u«c (cf page 11) th' minimum accept 
able titer should be 40 \\hen testing the potency of group B 'era cells of the Ic's 
sensitive 'ubgroup Aj (cf table 198) should be u«ed if the subgroup of the test cells 
is not knowTi the titer of the und luted serum should lie no less than 80 units In 
addition to having a high titer the typing sera should give rap d and marked clump- 
ing under the conditions of the tests As a rule there is a marked correlation between 
the titer of the serum and the strength of the reaction but «era of high titer are 
occasionally encountered which give only moderate clumping 

In the method of titration desenbed above the other constituents of the scrum 
as well as the I'oanlibodics arc diluted by the saline If instead of saline one takes 
as a diluent the individual s own serum or <erum of the same group absorbed so as 
to remove the isoagglutimns the titer values are considerably lower as a rule*^* 
Failure to take this fact iota account led Levinson and Cronheim’* erroneously to 
ascribe the reduction in isoagglutinin liter they observed when sera or plasma of a 
different group was used as a diluent tn titrations sotely to the presence of groun 
substances in solution {cf page ISO) 

Subgroups of Group A cud Croup AB As has just been mentioned 
there are two 'lorts of A agglutmogens Ai and A», which differ con 
sideribly in sensitivity (cf Chapter \I), whereas, in adults there is 
little or no v arntion in the sensjtiv»t> of the agglutinogen B m different 
individuals Furthermore, the reac(ivit> of the agglutinogen \ is 
often weaker m group AB The relative aserage sensitiMly of the A 
agglutinogens in the four subgroups can be represented as follows 
Ai>AiB>A 2 >A,B As already mentioned the A receptor m aduUs of 
subgroup \ B, and in infants of subgroup A, "ts well may be ^o weak 
that It can only be detected with the mo«t potent anti A sera W ilh re 
gard to blood of so-called subgroup A„ <ee page 216 

FACTORS \FFECTI^C THE tSOVCCLUTlNATION RE/VCTIOK 

A Temperature It has been found that the highest titer at which 
agglutination will occur when a given «erum is mixed with the same 
sensitive blood cells vanes with the temperature at which the tests are 
performed In figure 7 are presented the liters of the a agglutinin 
m seven different sera of group O at temperatures ranging from 0 C to 
60°C It can be seen that the titer of each serum is lower at the higher 
temperatures, and that sera of very low potency fail to act nt the higher 

’*5ce the rejwrt of the Conjtreuce de Laboratoirc stir Us Groripis Sanguines 
Health CommiUee of the Lcapvic of Nations CII 8SS Geneva *!cpl l5 1930 
“Lubm'ki Jour Immunol 44 95 (1942) Cf Wiener and Derby Arch Derm 
and Siph 39 999 (1939) 

' Jour Amer ilcd Assoc 114 2097 (1940) 
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temperatures even if undiluted The average normal adult serum will 
give distinct reactions at 37°C Distinct agglutination rarely occurs 
above 55°C even with sera of the highest titers 
With respect to its sensitivity to variations m temperature, the iso 
agglutination reaction resembles hemagglutination by other natural 
antibodies The stronger effect at low temperatures indicates the exo 
thermic nature of the reaction (Landsteiner) Exceptional are the re 
actions produced by certain sera containing irregular isoagglutinins 
(cf page 46) , which act best at higher temperatures 



Fig 7 Variatios of Titer of Servh with Teuperatvse 
(Showing the titer of the o aggluUnin in se\en 
different O sera) 

(Alter Kettel) 

B Velocity of Reaction According to the classic conception, agglutina 
tion and precipitation reactions proceed in two separate stages (I) 
the specific combination between the antigen and antibody, and (2) a 
non specific stage of aggregation of the sensitized particles in which 
electrolytes play a role Thus the binding of agglutinins by red cells 
IS said to cause an increase m the cohesive force between them The 
reduction of the negative surface charge of the suspended cells below 
a certain critical potential by salt m the medium results in the agglu 
tination of sensitized but not of unsensitized cells Marrack” has sug 
“Manack Spec Rep Ser An 194 Med Res Council London 1934 
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gested, however, that the molecules or particles of antigen and anti 
bod> molecules alternately combine to build up a three-dimenMonal 
lattice by virtue of the pre'ence in the antigenic particles and antibod> 
molecules of several combining groups (cf Heidelberger and Kendall, “ 
also «;ee papers quoted in lener and Herman”) 

The ‘ first stage” of the reaction can be assumed to occur rather 
rapidly, the speed of agglutination depending mainlj on the rate at 
which the ‘^encitized cells are brought together For example in tests 
made in tubes the reactions do not reach their wai/wKw mtensitj until 
sedimentation is complete (usually after 1 to 2 hours), but the ag 
glutination time can be shortened to 1 to 2 minutes by centrifuging 
the tubes in order to pack the cells together more quickl> 

C Concentration oj the Cells This is another factor which influences 
the agglutination reactions If an excess of cells is u«ed thej mav ab 
sorb all the agglutimna pre«ent in weak or diluted sera but fail to 
agglutinate with such sera 

D Proportion beluccn Cells and Serum, Dilution If parallel titrations* 
are «et up with the same «erum and test cells, in one titration mixing 
one drop of each serum dilution with a drop of two per cent blood sus 
pension, in the other 10 drops (or 05 cc ) of each serum dilution and 
a drop of a one per cent suspension, agglutination will occur in higher 
dilutions of «erum by the latter (echmc than b> the former From the 
proportion between cells and serum one might expect that the titer by 
the second technic will be 20 times as high Actuall) Candela” has 
shown that the ratio between the liters m such experiments is onlj 
about S to I The discrepaniy is due to the difference in volumes m 
which the two titrations are carried out the clumping being weakened 
when the cell suspensions are very dilute At anj rate Candela s tech 
me of using a large ratio of serum to r^lls has proved particularlj 
advantageous for grouping tests on old dried bones, by increasing the 
rangeof serum dilutions (cf p3ge520) 

From the above, it i5 evndent that when the titer of a serum is given 
it is important to describe the exact procedure followed 'WTien titrating 
lest sera, obviously the technic u'ed should be the same as or com 
parable to that which will be followed in the actual tests 
E Age of the Blood Suspension If the red blood cell su pension i*- 
kept in the ice box, its sensitivity to agglutimtion will graduallv de 
crease, and the higher the temperature the more rapidl> wnll this occur 


’‘Heidelberger and Kendall Jour Exp ited 61 559 (1955) 62 •16'' 699 
( 1955 ) 

“ Wiener and Herman Jour JmmuntA 36 255 (1939) 

‘Candela Amrr Jour Phys tallrop 27 365 {19-10) Cf Wiener Zinjher and 
Sclkone Jour Immunol 28 451 (1934) I^md Arch Palh 31 455 (1941) 
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Schiff and Hubener'* found a marked variation m the bensitivity of 
bloods that had been kept only one day, due to varying losses m sensi 
tivity It IS therefore manifestly advisable to perform all blood grouping 
tests on fresh cell suspensions 

As already mentioned, blood cells retain their sensitivity far better 
when kept in concentrated than in dilute suspensions Blood to be 
stored or shipped through the mails is best taken from the vein and 
placed in sterile dry tubes, as for a Wassermann test The sensitivity 
of old and partly hemolyzed blood may be restored, in part, by wash 
mg with saline solution and then resuspending 



DEVELOPMENT OF THE BLOOD GROUPS 
Many studies have been made to determine the manner of establish 
ment of the blood groups 

By studying the sensitivity of the red blood cells to agglutination at 
different ages, Kemp*® was able to show that the agglutinogen could 
first be demonstrated in the red blood ceffs of a fetus, 3T days of age, 
and that the sensitivity of the cells increases throughout antenatal and 
postnatal life up to the age of 20 years after which time it remains 
constant (cf fig 8) He found that the red blood cells of the new born 
infant generally have only 20 per cent of the sensitivity to agglutination 
that adult blood cells have Thus, a serum with a titer of 500 against 
adult corpuscles, would usually agglutinate the corpuscles of the new 
born infant only up to a dilution of 1/100 

'’Zeitsehr f Immumtats 45 207 ( 1926 ) 

^Actapatkol el mtcrobiol scand 7 146 ( 1930 ) 
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Thomsen and Kettel” determined the titer of the agglutinins in the 
sera of individuals of vanous ages The results of their investigations 
are shown m figure 9 The agglutinins are usually not developed at 
birth, but rapidly increase in liter thereafter up to the age of puberlv, 
after whith lime ihe titer gradually diminishes The curve given in 
the figure represents the variation of the aicragc agglutinin titer of 
the serum with age Among individuals of the same age, there is also 


T'lte/' 



Tia 9 Devti-opsient or tke Isoactlitisins 
(After Tbomseo and Kettel) 


considerable variation in titer of the agglutinins as was first pointed 
out by Schiff and Slendlowicz** The observations of these authors 
were confirmed by Kettel,” who determined the agglutinin titers of 
STS different sera of normal adult individuals against Lnown cell 
suspensions of groups A and B Figure 10 graphicall} repre«ents the per 

" Zftizchr / J/nmumtats 63 67 (1929) 

”Zeitscf>r / Immunilats 43 1 (1926) 

“Kcttel K Undcrsogelser oirr huldtkaeTttagglutiHinrr t Ifcnncskfsfrum Lev n 
and Munk'gaard. Copenhagen (1930) 
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centages of adult individuals with varying titers of the agglutinins The 
curves are similar in form to those obtained by Schift and ^lendlowicz 
It may be seen that the average liter of the a agglutinin is higher than 
that of the 3 agglutinin This difference in titer of these two agglutinins 
IS present at all ages (cf fig 9) 

While, as a rule, agglutinogens are demonstrable at birth, only about 



FiC 10 VABlATroV OF ISOAGGLUTTSIN TiTER AmONC NoRIIAL AdULTS 

( ) « agglutinin 

( ) 0 agglutinin 

Jffffn Alfa ef Aa'iSaV 

half of all new born infants have demonstrable agglutinins According 
to Hirszfeld,** whatev er agglutinins the child possesses at birth were de 
rived from the mother by filtration through the placenta Therefore, no 
new born child possesses agglutinins or hemoljsms that act on the moth 

” See Hirszfeld L Konsliliitwnsserolope tmd Blulgnippenforschuns Page 14-1 
Julius Springer Berjm (1928) Abo see Hirsefeld and Ztwrow'Ly Kim IJ oclt 
4 1152 (1925) 





THE FOUR BLOOD GROUPS 25 

er’s red blood cells ” In a study of the agglutinogen and agglutinin con- 
tent of 500 maternal and SOO umbilical cord bloods, not a single ex- 
ception to this rule was found (cf table 5).** The studies of Thomsen*^ 
have yielded similar results 

Smith** studied the agglutinogen and agglutinin content of the blood 
of infants from day to day during the first few weeks of postnatal life. 
He found that in most cases, whatever agglutinins were present at birth 
diminished in liter or disappeared during the first ten days of life, after 
which time new agglutinins appeared This was undoubtedly due to the 
loss of the maternal agglutinins, followed by the production by the 
infant of its own. 

The placental transmission of isoagglulmuis from mother to foetus is of interest, 
since it clearly illustrates (he behavior of antibodies in general For example, 
syphilitic rcagins present in the serum of the newborn child have been shown 
to be derived from the mother by filtration through the placenta In the course 
of a vveek to a month, these reagins gradually disappear, and then, if the infant 
actually has syphilis, it begins to elaborate its own reagins Further evidence that 
isoa^lutinins and other antibodies present in the blood of new born infants are 
derived from the mother by placental filtration has recently been provided by 
Wiener and Stherenan,** who made parallel titrations of isoagglutmms and other 
hemagglutinins and syphilitic reagins in maternal and umbilical cord blood, and 
found the ratios between the liters to be relatively uniform In this way also an 
index of permeability or coefficient of distribution for antibodies for the human 
placenta was established at approximately 8 1 to 12 1 The question has also been 
investigated by Sherman, Hampton and Cooke** who, however, found a somewhat 
wider variation m the ratio 

A question of considerable importance, particularly in medicolegal 
work, is whether agglutinogens absent from the blood cells at birth can 
appear later on In a study on a short series of cases in 1928, Smith*' 
claimed to have observed the appearance of additional agglutinogens 
after birth in two cases, but subsequent workers have failed to confirm 
his observations despite studies on much larger series (cf. Hyman- 
Parker®*). Smith’s results are probably due to failure to take into ac- 
count the subgroups While Ai blood of infants gives reactions inter- 
mediate in intensity between those of Ai and A* adult blood, the blood 


“Cherry and Langrock, Jour Amer Med Assoc, 66: 626 (1916), dc Biasi, 
Jour Amer Med Assoc 81: 1776 (1923) 

“Polajes, Lederer and Wiener, /oar Immunol 17: S4S (1929) 

” Zeilschr f Rassenphvswl 5* 122 (1932) 

^Amer Jour JJls Cktld 36 54 (1928) 

“/oar Exp Med 71: 21 (1940) 

“Jour. Exp Med 72; 611 (1940) 

*Mmer Jour Dis Child 36; 54 (1928) 

” Jour Immunol 43: 1 (1942). 
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of nen born infants of subgroup A gi\es weak reactions and is com 
parable to adult A 3 blood (cf page 216) «50 that the reaction could 
easilj be mi«sed, unless potent sera are used (Forer, unpublished) 

DEFECTUE BLOOD CROUPS 

By defects e blood groups is meant the occurrence of bloods lacking 
Iheir full complement of i<5oagg\utinogen5 and isoagglutmms, such as 
would be expected according to the Landsteiner rule Thus, cases of in 
dividuals with group A cells but no agglutinin m the serum (A 0 ) or 
individuals of group 0 with onlj « agglutinin ( 0 , *), have been dc 
scribed Although the occurrence of this anomii> is very frequent in 
new born infants (cf page 24), it rarely occurs m adults and most of 
the cases which have been reported were probablj due to weak reac 
tions which were overlooked Thus, Grove,” in a study of more than 
2000 bloods failed to find a single deficient reiction Thomsen “ how 
ever, found five defective blood groups among 3500 individuals In a 
studj of the blood of close relatives of these individuals it was shown 
at least in two cases, that considering the laws of heredity, it was the 
agglutinin and not the agglutinogen which was lacking for instance 
one blood Ao proved to belong to group A and to lack agglutinin (3 not 
to group AB, and deficient m agglutinogen B 

THE ABSORPTION OF ISOVCCLUTININS 
Landsteiners theory that the four blood groups are due to two i»o 
agglutinogens A and B, in the red blood cells and two isoagglutinins 
a and P, m the serum can be readily confirmed b> several simple ab 
sorption experiments Thus group B scnim contains an agglutinin ab 
sorbable by group A but not b> group B cells and similarly the ag 
glutmin in group A «erum is absorbed by group B but not by group \ 
cells Kow, when the tests are performed with group O serum it 
will be found that the A celU will remove the 1 agglutinin B cells re 
move the 3 agglutinin and group AB cells will remove both agglutinins 
The lack of ability of group O cells to absorb either agglutinin corre 
spends to their inagglulmability b> serum of an> group 
As a matter of fact, it was found not infrequently that the absorption 
of 0 serum with either A or B cells would cause a distinct diminution in 
titer of the heterologous agglutinin This could be due to a non specific 
absorption,” or one might assume that the two agglutinins are partly 
bound together 

"Cited after I^nd tcincr m The Aowr A»milctise oj Immunology and Bac 
ICTiology page 809 

"Zeilsclr f Immunilats 57 301 (192S) 

“Thomsen ZeiUchr j Immumtats 70 1 (1931) 

“Lanclsleiner and Witt Jour Immunol 11 221 {19’6) 
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A suiiabJe technic of perfomMog the absoipiions is as follows The blood cells 
necessaiy for the absorption ezpenment are obtained by mixing blood with S per 
cent citrate solution, m the proporlion of about S to 1, to prevent clotting The 
plasma is separated by centrifuging the titrated blood, and the «edimented cells 
are washed 2 or 3 times with normal saline The washed blood cells are then packed 
by centrifuging The serum is obtained m the usual manner, but is inactivated by 
keeping it at 56°C for half an hour, to preirent hemolysis One part of packed washed 
blood cells is mixed with 2 or 3 parts of serum, and the mixture is allowed to stand 
1 hour at room temperature after which time the serum is separated by cen 
tnfugmg The absorbed serum is then tested against known cell suspensions to de 
termine whether or not the agglutinm in question has been removed If any of the 
absorbable agglutinin remains, more of the packed cells should be added and the 
process repeated until the absorption is complete Partial absorption of the agglu 
limns IS demonstrated by comparing the liler of the serum before and after treatment 
with the absorbing blood 

Preparation of Aggluittim Solutions Landsteiner** showed that it is 
possible to reverse the process of absorption of the agglutinin, and thus 
obtain purified solutions of (he isoagglutinins The method is based on 
the fact that the absorbed agglutinins are set free from the agglutinated 
cells at higher temperatures 

The technic as described by Landstemer and Miller** is as follows ‘‘5 cc of 
strongly agglutinating butnan serum, group A or B, were mixed with 5 drops of 
packed, washed human blood cells of group B or A, respeclivel>, and allowed to 
stand about 2 hours at room temperature, during which time they were occasionally 
agitated The cells were then separated by centnfugaluation and washed 3 times 
with salt solution The sediment, which showed strong agglutination, was taken up 
m about 0 6 c c of salt solution and placed m a water bath at 56‘C, for not longer 
than 5 minutes, during which time it was shaken The clumps were usually broken 
up by this treatment The tube was then placed m a large centrifuge cup filled with 
water at 56“C and centrifuged a short time at high speed to throw down most of the 
sediment as quickly as possible Tke •'upematanl fluid was then remQ\ed and cen 
tnfuged a longer time unheated The supernatant fluid now obtained is the agglutinin 
solution ready for use ” 

Such agglutinin solutions which contain the isoagglutinins in purer 
form are used for special purposes (cf page 332) 

rscr/fcsKfCiszs 

When grouping tests are carried out with fresh human serum, not 
infrequently hemolysis as well as agglutination of the test cells is ob- 
senrcd, as evidenced by the increase m transparency of the mixture. 
This phenomenon, which does not occur with stored or inactivated 
serum, is dependent on the presence of complement in the fresh serum 
As a rule, when hemolysis occurs, the agglutination of the cells is less 
marked and at times may not be discernible However, hemolysins in- 

" meil , No 46 1903 (1902) 

"Jour Exger ifed 42: 8S3 (1925) 
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variably correspond in specificity to the isoagglutinins, and in grouping 
and compatibility tests, the two reactions should be considered equiva* 
lent. Sera of Individuals of group AB naturally contain no isohem- 
olysins, sera of group A can only contain hemolysins for group B and 
AB, while sera of group B can contain hemolysins only against bloods 
of groups A and AB, and sera of group 0 hemolysins for bloods A, B 
and AB. In the hemolysis reaction, blood of group A, for example, 
combines specifically with the a isoanlibodies in group B or group O 
serum and becomes "sensitized” to the complement, the latter being 
non-specific in its action 

Like the normal isoagglutinins, the isohemolysins were first considered 
to be pathological It has been shown, however, that these isobemolj sins 
are normal physiological structures,** whose function or biological sig- 
nificance, just as in the case of the isoagglutinms, has not yet been 
elucidated 

Most investigators have found that isohemolysins occur only in about 
30 per cent of the cases where it might be expected according to the 
Landsteiner rule of the blood groups, even though fresh serum js used 
It has been shown by Hes«er** that U the test cell suspensions have been 
kept for three to four days in the ice-box, they are more readily herao- 
lyzed, and that hemolysis now occurs in almost every case where it would 
be expected. Hemolysis is aI«o favored by the use of an excess of 
serum Group 0 cells, naturally, are not hemolyzable. If the serum 
is warmed to 56°C for half an hour, or allowed to stand several days at 
room temperature, the complement will be destroyed and hemolysis can 
no longer occur Tor this reason only fresh serum can be used if u is 
desired to demonstrate isohemolysins. 

Not all investigators have succeeded in reactivating human sera after 
destruction of the complement,** In the experiments of Thomsen and 
Thisted,** however, reactivation was regularly successful when fresh 
human serum of group AB, or guinea-pig serum was added to supply 
fresh complement." 

Isohemolj-sin tests are performed by addin* a small quantity of cell su'pen'ion 
to undiluted fresh scnim in a lest tube and ineubatins the mistuie at 37°C The 
mixtures are centrifuged or allowed to setlle so that the unheraoh-zed cells may be 

• Landsteiner and Leiner,Zew/ra/W / Bakteriol , Parasttnk , u Injectionskrankk 
38 5-t8 (1905); Moss, Bull Johns Hopktns HosP 21: 63 (1910) 

"Moss loc Cil , Grafc and Graham. iffincA merf Woch 58* 2ZS7 and 2338 
(1911), Jervcll, Jour. Immunol 6: 44S (1920); etc. 

“llcsser, Aela med scandmav 57: 41S (1922), 61: Suppl (192S) 

"C/ Moss, Grafe and Graham 

"Kollc, Kraus, and Uhlenhuth* Ilandbucb dvr pathogenen ifilroorganimrn 
Pase 1231 3rd Ed 11 

"In these experiments, the sent were mactiwted at 50*C for 30 minutes, or at 
SS'C for 8 to 10 minutes 
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separated oR The degree of hemolysis can be determined from the depth of the red 
color of the supernatant fluid 

WTiereas sera containing potent anti B hemolysins will hemolyze all 
B blood to about the same degree, bloods containing A agglutinogen 
vary m their susceptibility to anti A hemolysins, depending upon the 
subgroup Thus, Land'teiner and Levine and Thomsen have shotvn that 
when fresh group 0 and group B sera of the proper potency are mixed 



ah c d 


Fig 11 DifFEREvcE IS Reacti\itv ot A and Ai Blood to Asti A 
Hesiolysins 
{A fter Thomsen) 

Equal parts of serum and an approximately 2 per cent suspension of blood m 
normal «aline were mixed (a) Reaction wifb A. blood after 5 minutes and 
longer (b) A, blood after S minutes (c) A, blood after IS minutes, (d) 
A, blood after 30 minutes Tests were made at room temperature (IS^C) 

with A] cells the cells are lysed, but with Ag cells, as a rule, there is 
distinct agglutination and fittfe or no hemofysis (cl* figure II) Very 
strong sera hemolyze Ai cells as well as At cells 
That isohemolysis and isoagglutinatwn are probably due to the same 
substance is supported by the observation that there is a correlation 
between the titer of isoagglutinm and isohemolysin, and that in absorp 
tion experiments the hemolysin and agglutinin are removed together 
As a rule, isohemolysis is more frequently encountered with sera of high 
agglutinin titers The absence of isohemoljrsis wnth some ‘=era of high 
isoagglutinm liter and, on the other hand, its occasional presence with 
low titered serum, is explainable by the dependence of isohemolysis on 
the combined action of the isoantibodies and complement the amount 
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of i«oanUbody necessary to produce hemolysis being inversely propo’’ 
tionil to the amount of complement in the 'erum 
Isohemol} sis is of practical importance because it maj occasionalI> 
mask, agglutination, and if not noticed mav lead to errors in blood 
grouping ^\Tien sera containing potent hemoljsins are u«ed there ma> 
be inhibition of agglutination dunngthe hemolvsis (cf figurell) This 
would occur onlj \vhen the tests are performed with fresh serum par 
ticularlj if the temperature is «omeuhat high The pre«ence of hemol 
jsis will easilj be recognized b\ the practiced obser\er It can be 
avoided if the testing sera are inactivated or stored in the ice box for 
about a week before use kMien performing tests for blood transfusions 
where one is pressed for time a simple waj of preventing bemol^sia is 
to dilute the serum 4 times with normal saline solution (Tliomsen) 
The use of citrated plasma (cf page 12) instead of serum has the 
advantage that the citrate ion tends to inactivate the complement so 
that hemolysis is less frequently encountered in tests made with such 
plasma 


DLOOD CROUriNC WITH \SIMAL SERA 
Landsteiner,* von Dungern and Hirschfelcl “ and Landsteiner and 
^^ltt'^ have shown that the sera of normal animals (such as rabbits 
cattle sheep cats horses etc ) often contain agglutinins which react 
speafically with the human agglutinogen^ A and B To demonstrate 
such agglutinins prelimmarv absorption (with group 0 blood for ex 
ample) is usually required to remove species agglutinins acting on all 
human bloods For this reason and because they are often of low titer 
such sera are not satisfactory for blood grouping 
Not mfrequenth normal guinea pig sera are encountered which con 
tain potent hemolvsins only for human A erythrocvtes not accom 
panied bv any species antibodies ** Of particular interest in thi-. con 
nection are observations** on the presence of group-specific agglutinin' 
in the sera of certain species of lower monkeys In 1/ rhesus monkeys 
anti A agglutinins are regularly found but little or no anti B agglu 
tinins On the other hand the serum of the vervet monkey (Ccrco 
pilhccus 7uctttans) normally contains anli B agglutinins and little or no 
human«pcciesagglutinin5®*rinaH\,inothermonkeys eg baboon the 


“ n kUn Rdscli 1902 no -10 
'*Ztsckr / Immimitats 8 <26 (1910) 

"lour Imvmol 11 221 (1026) ttilh regard to ihp prc'ence of anli \ and 
anil B agglut nins m 'nale «era see Bool Jour Immunol 36 1 (1939) 

**C/ ^hi5 Die Dlatgruppen und ihre Anjeendungsgehete p. 17 (1933) 
"Landsteiner Jour Immunol 15 (1928) 

“With regard to the anthropoid apes cf pare 332 

on Dungern and njr«chfeld Zischr f Immuntlots 8 S26 ( 1911 ), Landsteiner 
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serum acts in one or the other way depending on the particular animal 
An explanation for this apparently haphazard distribution of the anti A 
and anti B agglutinins in monkeys has recently been found by the 
author” (cf page 335) 

Landsteiner, and von Dungern and Hirschfeld showed that it is pos 
sible to produce immune sera against the agglutinogens A and B 
Hence, the agglutinogens A and B are present m antigenic form m the 
red blood corpuscles ” 

Hooker and Anderson who made a thorough study of this phase, 
reported their results in detail These authors immunized rabbits wth 
blood corpuscles of each of the four blood groups bv several injections 
of blood When the antisera were tested against bloods of each of the 
four groups, they agglutinated all the bloods at approximately the same 
titer, because of the presence in each serum of species agglutinins acting 
on all human blood When the sera containing group specific agglutinins 
were suitably absorbed, however agglutinins for agglutinogen A or 
agglutinogen B could be demonstrated 

Schiff and Adelsberger* were the first to demonstrate that certain 
anti sheep blood immune rabbit sera agglutinate intensely human bloods 
of group A and group This is due to the presence in group A cells of 
an antigen related to but not identical with the Forssman antigen present 
in sheep blood cells ” That the two antigens are not identical is shown 
by the fact that not all anti sheep sera exhibit this property Just as 
certain anti sheep immune rabbit sera react with human A blood, so do 
many anti A immune rabbit sera hemolyze sheep cells (see table 65) 
Guinea pigs immunized with \ cells on the other hand do not produce 
sheep cell lysins, which is explained by the presence of Forssman antigen 
in their organs 

Preparation of Anli A and Anti B Immune Sera These reagents are prepared 
essentially m the manner de'Cnbed later for the preparation of antisera for XI and 
V (cf page 219) 

The stock sera are obtained by unmunuing rabbits using group A blood when 

loc at Thom«en and Kemp Zfsckr f Jmmumiats 67 251 (1930) Buchbinder 
Jour Immunol 25 33 (1933) Dabr[Zfseir / /mmun/tats 90 376 (I937)J states 
that the <;en]m of Cercocebus Juigmosus resembles macacus serum m its reactions 
with human blood since it contains anti A but not anti B agglutinin 

“Candela Wiener and Goss Zoologica 25 SI3 (1940) Wiener Candela and 
Goss four Immunol in press 

“An antigen is defined as any *ubstan«.e which when injected in'oan animal causes 
the appearance in the serum of special substances — antibodies — that react «pecifi 
cally with the substance injected 

''Jour Immunol 6 419 (1921) 

“'Zeilscftr f Immunilats 40 335 (1924) 

“ For a thorough review of the question of the relationship between agglutinogen 
A and the Forssman antigen see Andersen Zettschr f Rassenpkysiol 4 49 (1931) 

" W itebsky and Okabc, / Immunilats 54 181 (1927) 
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preparing anti \ «era group B Wood for anti B sera With regard to the anti A 
sera some rabbits produce antuera of high titer others only weak anli'fra based on 
constitutional differences B\ selecting laobit* Mho«e sera contain weak natural 
anti A agglutinins to begin with and who lack the group-substance A as determined 
by te«ts on the serum more uniformly successful results can be obtained (cf 
page 339) Wheeler Sawm and Stuart • base inbred »uch a strain of rabbits for 
the production of anti A sera Not all rabbits will produce satisfactorj anti B *era 
and the aserage anti B fluid is of considerably lower titer than the aserage anti A 
serum probably becau'c the er>throc>tM of all rabbits contam an antigen related 
to the human B antigen (cf page 292) 

Testing fluids are prepared by diluting the inactivated stock immune sera 
15 to 20 times with saline solution and then absorbing with packed washed cells 
not containing the homologous agglutinogen (pooled O and B blood for anti A sera 
pooled 0 and Ai blood for anti B sera”) The absorptions usuillj have to be 
repeated several times and the author prefers to carry out the initul absorptions 
at room temperature the final one in the refrigerator Since the anti A and anti D 
agglutinins arc not appreciably weakened by overabsorption it is advisable to u'c 
an excess of cells in order to avoid under absorption 

The stock immune sera can be stored without any preservative mice ampoules 
the«e being placed in a water bath at S6*C for 'A hour before being labelled To 
(he testing fluids the author adds sufficient merthiolate to give a concentration of 
about 1 <0 10 000 Both the stock sera and the testing fluids retain their potency 
for many jears when «tored in (his manner in the refrigerator 

Anti A and anti B testing fluids have proved useful in studies on the properties 
A and B in apes and monkeys and for the eumination of blood slams (cf page 414) 
In ordinary grouping tests the anti A testing fluids because of their high titer arc 
useful for checking doubtful reactions 

COMPLEMEST PIXATIOM, PRECIPITATIOV, llEilOTROPlC ACTIOS 
Although, as a rule no complement fixauon can be detected during 
isohemolysis (SchifT and Adelsberger),*® there are occasional human 
'era, containing powerful I'oagglutinins and isohemoI>sins, which in 
addition give complement fixation reactions Complement fixation 
reactions can be more readily obtained vnth immune rabbit «era 
Using as antigens saline emuNions of alcoholic extracts of red blood 
cells or tissues containing corresponding group 'pecific substances 
with proper dilutions of the antigen, 'pcciFic flocculation reactions can 
also be obtained vrith such immune «cra** 

Several authors ’ state that normal human 'era produce precipitates 

“Wheeler ^awin and Stuart Joxtr Immunol 36 349 (1939) 

“ Pooled blood is U'cd m order to tale rare of any anti At or anti N agglutinins 
which may be pre'ent in the scrum 
•Zbl Bakter I Ortt 93 J72 (1924) 

Duller 7i!chT / Immumtatt 43 95 (1925) Witebsky and Okabc Ztuhr / 
Immtmital) 52 359(1927) Maibetg Ztsthr / fmmufiilati 80 340 (1933) 
“Landstciner v d Schcer and Wilt Jroc Soc Esp Biol onl MrJ 22 289 
(1925) 

*■ Dold and Ro'enberger A/m H och 7 394 (1928) , Ottensoo»cr and Zurukzogiu 
Kim Woch 1932 719 
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with extracts of human red blood cells prepared by repeatedly freezing 
and warming them These reactions, however, are probably not true 
precipitation, but are caused by the agglutination of stromata of the 
erythrocytes On the other hand, a true precipitation of group speafic 
substances m solution, as, for example, in serum or saliva (cf figure 
58), can be obtained with selected immune rabbit sera (Schiff) ** 

It was shown by Hekloen** that when human erythrocytes of group 
A or B are mixed with certain human sera of group B or A, respectiv ely, 
and fresh leucocytes are added, phagocytosis of erythrocytes will occur, 
a phenomenon caused by specific substances (hemotropms) m the 
serum In mixtures of red blood corpuscles and sera m which anti 
body action is excluded, only few erythrocytes are phagocytosed Hemo 
tropic action is obtained especially with sera containing powerful iso 
agglutinins 

Two opinions have been offered concerning, in general, the vanou's 
types of reactions produced with a single serum According to one view 
the various phenomena, agglutination, hemolysis precipitation, etc are 
caused by different antibodies According to the other (umtarian hy 
pothesis), all these phenomena are produced by the same antibody, the 
nature of the reactions being determined only by the conditions of the 
experiment 

In the case of the isoantibodies and specific immune antibodies against 
human blood, absorption wnth a sufficient quantity of red blood cells 
will prevent all these phenomena simultaneously 

BLOOD GROUPING WITHOUT THE AID OF STANDARD SERA 
The blood group of any individual can readily be determined even without the 
aid of standard testing sera To illustrate the tecbnic used one of Landsteinet s 

Table 6 

ISOAGCLUTINATIOV REACTIONS ObTAISED V\ KEN THE BlOODS OF SlX 

Normal Indivtdpals Were Tested with Each Other s Sera 
(After Landsteiner) 


Sera 

Blood cells of 

' 1 

2 1 

3 

4 ] 

= ! 

1 6 

1 Dr St 1 


+ 1 

+ 

+ 

+ 


2 Dr PJecn 

— 


+ 


— ! 

— 

3 Dr Sturl 

— 

+ 

— 


+ 1 

- 

4 Dr Erdh 

— 

+ 1 

— 

— 1 

+ 1 

— 

5 Zar 

— 


+ 

+ 


- 

6 Dr Landst 

- 

+ ' 

+ 1 

+ 

+ 



•'A’/w UacA 3 16 (1924) tbtd 12 3II (1933) 
low In] Dis 3 721 (1926) Also aee Schiff Med Klin 21 1238 (192S) 
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Table 7 


Deterui\atio\ of Blood Crocp bith the Aid or Blood Cfll 
Suspension and Serlu or Croup \ 


bnknown Blood Celt. Tested 
with Known Serum of 
Group A (Anti B) 

Unknown Serum Tested 
with known Blood 
CeHs A 

Bloo 1 Group 

- 

1 + 

1 0 



1 A 

4- 1 

1 

B 

+ I 


AB 


Table 8 


Blood Grouping wnn Test Sera op Group 0 {\Nn \ \sti B) and 
Cpout a (Anti B) 

(After Schiil) 



Standard Testing Scnim i 

1 Blooil ( roup 

0 «« 1 

A 0 ' 

Reaction with 


(-)• 

0 

unknown 

+ ' 


A 

blood cells ^ 

^ 1 

+ 

B or An 


• (. nneccssaiN 


original espeninenta is gi\en in table 6 The bloods of sis normal indiMduals uere 
tested by mixing the sera and blood cell <u«pension» in e\er> possibh combination 
In this na> tbe bloods were found lt> fall in three groups” Bloods 1 and 0 ob- 
Mousl} correspond to Group 0 since the cells arc inacelutinable whereas the «erura 
reacts with all bloods nut belonging to that group One of Ibe pair^ bloods 2 and 
or bloods 3 and 4 must correspond to group A the other to group D The sira of 
individuals of these two groups could therefore be u*ed for tcsiing the bloods of 
other individuals Tbe diSerrntiaUOD t>l A and B tan tc made b> determining ibt 
distribution of tbe groups in a «eries of individuals since group A is much mure 
frequent than group U in European races (cf Chapter \A III) Moreover group A 
is characteiued by its reactions with certjun anti-shcep immune rabbit «cra <<f 
page 31) 

If 3 worker who has no Mandard testing sera available knows his own or 
some other individual » blood group and this person belonss to group A or group B 
It IS possible to determine the blood group of any other individual by u inz thi b ood 
cell su'pcnsion and serum of the individual of known group as standard reagent* 
Thus if the known blood belongs to group \ the four blood groups can be identified 
as «hown in table 7 Similar reasoning bolds whra known group B blood is availabli 

If tbe ‘upply of «tandard smim of group B is limited then as ts «hown in table 
8 bv using 'Undard ^cra of group O and group A U la possible to group most 
Moods Only bloods of group B and group AB cannot be differentiated from one 
another without the aid of standard group B te*ting serum 

“Blood of ihe relatively rare group AB w*.$ not includid in the cxix-rimcni 




CHAPTER III 


SOURCES OF ERROR IN BLOOD GROUPING 

FALSE NEGATIVE REACTIONS 

If the testing sera are of high titer, it is practically impossible to miss 
positive reactions However, although the sera may have been of high 
titer when put up in ampoules, the titer may fall before the serum is 
used Since deterioration can occur even under sterile conditions, the 
contents of each vial must be tested against known cell suspensions 
before use Of course contaminated sera will not be used 

When performing the tests by the slide method, a positive reaction 
may be missed if the mixture of cell suspension and serum is not ob 
served for a long enough time, such as in the haste incident to an 
emergency blood transfusion Furthermore, if a very concentrated 
blood cell suspension is used, the reactions may be considerably delayed 
and weakened (cf page 20) Consequently, the procedure of mixing the 
whole blood from the finger or ear lobe directly with the testing serum 
cannot be approved 

Another source of error may be Ion sensitivity of agglutinogens This 
situation IS often encountered when testing the blood of newborn in 
fants (cf page 21) or preserved blood suspensions (cf page 20) How 
ever, even with fresh blood taken from adults, false negative reactions 
have been obtained, and one of the most common errors is to mistake 
AB blood of subgroup A B for group B, on account of the weak re 
activity of the A agglutinogen in such blood Thus, Thomsen* has re 
ported 2 cases of group AB adults whose A receptors were only demon 
strable with testing sera of especially high titers * In a case described 
bj Polayes and Lederer* a patient was given 18 transfusions of group 
B blood before it was discovered that he belonged to subgroup A 2 B 
Since confirmatory tests for agglutinins in the serum of infants and 
newborn are oi btlle or no value, (ct page 24), m such cases it may 
occasionally be difficult to render an accurate diagnosis until the group 
has fully developed In adults, examination of the serum will usually 
solve the problem, but in the instances of A*B individuals with atypical 
cci agglutinins (cf page 204), only careful workers will succe^ in 
making the correct diagnosis * Instances of the latter tj^pe can be rec 

^Alm Mock 8 1075 (1929) Also ice Thomsen Vkratn Zentralbl f Blutgrup 
penjorsch 3 1 (1929) 

’Laguna Kim W och 9 547 (1930) 

'Jour Amer V/ed Assoc 95 407 (1930) 

‘In one case an erroneous eidasioa of palernily was made the putatne father 
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ognized by testing the patient’s serum against both sorts of A cells Ai 
and Aj and b> using high titered anti A «era such as the immune anti \ 
sera (cf page 31), for testing the patients cells Finalh, mention 
should again be made of the existence of \ery rare indi\iduals of group 
A belonging to the so called subgroup A, who'ie cells react even more 
weaUj than A B blood with anti A sera (cf page 216) 

We have already stated that with fresh and highly activesera hemol 
>sis may occur and agglutination be masked {cf page 29) Hemol>s\5 
IS readil> recognized as such, however b> the increased Iran parenc> 
of the mixture and should be considered equivalent to agglutination 
Methods of preventing hemolysis havealread> been described (cf page 
30) 

FALSE POSITAT REACTIONS 

Pseudoagglulwation It baa been known for a long lime that in acute 
infections the red blood cells settle very rapidlj And m 1921 a test 



ff r J. J fcy tm ty of rktieffrafkr Drfl L I C of »ltiS>e mt 

Fig 12 RoLtEACX Fomiatios 
N bgiufed I 400 


based upon this phenomenon was introduced into clinical medicine b> 
Fahraeus * The tendenc> towards rapid sedimentation haa been shown 

l)cing reported as group B the mother as group O the chDd as group A In tests 
nade by the author the man proved actually to belong to group (subgroup 
ABtf ) ihe child sgni&canUy also belonged to subgroup A> [HeUoen Landstemer 
ind ttiener Jour Amer Med Assoc 108 2138 (193 )] 

‘ And in pregnancy in mal gnancv and in 'ome other cond t ons 
*Acla mcd scandmav 55 I (1921) Physiol Rev 9 241 (1929) 
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to be due to the arrangement of the red blood cells jn piles like coins, 
a phenomenon which is known as rouleaux formation (cf fig 12) 
V^'hen the rouleaux are very marked, the clumps become more irregular 
and simulate true agglutination (pseudoagglutmation) 

In 1899, while examining suspensions of blood cells in the serum of 
patients suffering from pneumonia, Shattock^ observed and gave an 
accurate description of rouleaux formation This was subsequently con- 
fused with true agglutination, andsomeauthors have incorrectly ascribed 
the discovery of isoagglutmation to Shattock * 

A comparison of the microscopic picture of marked pseudoagglutina 
tion and true isoagglutmation is given m figures 13 and 14 ’ 

A thorough study of pseudoagglutmation has been made by Wilt- 
shire The main factors which favor its occurrence are high concentra 
tion of the serum and high temperature As Shattock pointed out, 
pseudo-agglutmation disappears on slight dilution (1 to 2 or I to 3) of 
the serum, thereby it can readily be distinguished from isoagglutmation 
When the tests are performed in the test tube, as recommended by 
Landsteiner, the dilution of the serum is Ho 3 so that pseudoagglutina 
lion hardly ever occurs However, when the tests are performed on the 
slide, the dilution of the serum is only 1 to 2 and rouleaux formation is 
favored probably because of the large area of contact between the fluid 
and the glass hloreover, the large surface favors evaporation and con 
centration of the serum The practiced observer can usually recognize 
pseudoagglutmation by examination under the microscope (cf fig 13) 
The clumps resulting from false igglutination can mostly be destroyed 
by the addition of a drop of saline, or, as a rule, by pressing down on 
the cover slip over the preparation, neither of uhich procedures will 
affect true agglutination 

Pseudoagglutmation has been shown to be due to substances m the 
sick patient's serum which affect its viscosity The nature of the sub 
stances is not completely understood, but marked rouleaux formation 
and rapid sedimentation are closely correlated with increased fibrinogen 


'Jour Palhol and Bacterial 6 303 (1900) 

‘In this connection it should be pointed out that several authors have confuted 
an observation reported by Maragliano in 1892 with isohemoljsis Maragliano 
claimed to have observed that certain palbological sera had the power of destroying 
human red blood cells and hemoglobin, and that this power oho extended to the 
patient s own blood cells This phenomenon if it realty exists would be different 
from isohemoljsis IVerhandl d Congres f Inn Itedfin 11 152 (1892)] 

With reference to the erroneous contention that i«oa|glutination was known m 
Japan and China during the 13th century Wiener, Lederer and Polajes, Jour 
Immunol 17 357 (1929) Schifl Deulsch med M och 55 1141 (1929) 

'Coca Jour Immunol 20 263 (1931) 

Jour Pathol and Bacterial 17 282 (1912) 
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concentratjon jn the plasma" and a correlation also exists with changes 
m some of the other serum proteins It has been shown that the active 
agent is not absorbed bj red blood corpuscles True isoagglutimns, on 
the other hand, are absorbed by the susceptible red blood cells Further 
more, pseudoagglutjnation is nonspecific, so that the serum of a patient 
with a rapid sedimentation, will cause rouleaux formation when mixed 
with any red blood cell suspension including the patient’s own blood, 
although apparently not always to the same degree 

Rarely (he inequality m the capacity of different bloods to undergo pseudo 
agglutination may be pronounced as m a ca*e seen by Landstemer" The patients 
blood was found to be apparently incompatible with the blood of donors of the 
■yme group The patient s undiluted serum gave strong clumping and rouleaux wifh 
concentrated cell suspensions of these individuals m tests both on the *lide and m 
the tube but there was little or no clumping when the serum was tested against the 
patients own cells. The reaction broke up on shaking or slight dilution and was 
not caused by an absorbable agglutinin A transfusion of 300 cc of blood was 
given without any untoward reaction 

Mention may be made of the production of phenomena resembling 
agglutination b} means of viscous substances such as gum acacia, gum 
tragacanth, and gelatin It is generally accepted that these phenomena 
are related to pseudoagglutination 

Autoagghifiuation This phenomenon is defined as the agglutination of 
an individuals red cells by his ovvn serum, due lo the presence of an 
absorbable agglutinin in the serum and a corresponding agglutinogen 
m the cells While Amzel and Hirszfeld** believed autoagglutination to 
be of infrequent occurrence, Landstemer and Levine'* and Rettel'* 
have shown that this phenomenon is common with blood from normal 
indiv iduals, in whom it occurs, however, only in tests made at low tern 
perature 

Considerable confusion has resulted because sera containing auto 
agglutinins act not only on the subject’s own cells, but also on the 

"Fahraeus Physwl Rev 9 241 (1929) Rremann /our Amer iled Assoc 
99 1411 (1932) Ham and Curtis Medicine 17 44" (1938) 

“ Because of this property of p^eudoagululination the phenomenon has aho been 
designated by Ihe names autobemagglulination pana^lulination etc. Since the 
phenomenon is not produced by an ab orbab’e acglutinin it is not a true agglutina 
(ion in the «erolo'’ical sense «o (hat p^eudoaeglutl^a(Ion 'eenu to he the most 
appropnale name 

” Personal communication 

^'Xeslschr / Immurilals 43 526 (1924) 

“Landstemer and Levnne Jour Jmmunoi 12 441 (1926) With regard to aulo- 
acglutmins in animal •^eta cf Land feiner llanck med Week SI 1590 (1902) 

“Kettel Undersogelser oier Rt(We*aemajjfii(ii«»er t Menneskeserum Copen 
hagen (1930) 
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bloods of all other human bein^ regardless of the blood group That 
effectively only a single agglutinin is involved is proved by the observa- 
tion that it can be completely removed by absorption with any human 
blood, including that of the person from whom the serum is derived 
The autoagglutinins are therefore really panagglutinins, reacting with 
an agglutinogen shared by all human bloods. It is best to retain the 
terms autoagglutinin and autoagglutmation, hoivever, in order to avoid 
confusion with other phenomena (pseudoagglutination, bacteriogenic 
agglutination) to which the ambiguous term panagglutination has also 
been applied. 

Aside from its lack of group specificity, autoagglutination differs 
from isoagglutination in its great sensitivity to temperature, the titer 
dropping markedly as the temperature rises (cf table 9). As a rule, 
the reaction is readily reversed by warming the mixture to body tem- 
perature, as by placing the tube or slide in the palm of the hand The 
reaction can then be made to reappear by chilling, and this procedure 
can be repeated indefinitely 

From these properties of autoafglutmation, it is eMdent that for the demon 
stration of the phenomenon it is best to separate the senim from the clot at body 
temperature Moreover, as Landsteinet"* has pointed out, (he aclKe principle can be 
uctracted readily from the serum in a concen'rated, purified form as follows 
Serum containing autoagglutinins is mixed nith the packed washed cells of the 
subject or any indiMdual of the same group and (be mixture allowed to stand in the 
refrigerator Tbe absorbing blood is separated from the serum by centrifuging 
ID cups containing cracked ice, and (he autoagglutinins are liberated from the cells 
by mixing the sedimented blood cells with a small amount of saline at room or 
body temperature The warm saline then separated from the cells by centrifuging, 
and it will be found to contain the autoagglutmin Concomitantly with tbe absorption 
of ihe autoagglutmin at low' temperature and its freeing at higher temperature, the 
cells clump and disperse again as already described 

Whereas the presence of non-specific autoagglutinins is a normal 
physiological phenomenon, being present also in many animal sera, it 
has been found that the titer of these agglutinins is considerably in- 
creased in certain pathological conditions, so that the agglutination may 
occur in such cases even at room temperatures.'* Some of the conditions 
in which this has been found are : paroxysmal hemoglobinuria (the pres- 
ence of abnormal autohemolysins m this condition is the basis for 
the Donath-Landsteiner reaction’*), syphilitic or hypertrophic cirrhosis 


”Cf Mino, MfiKcA med IVoch 71: 1129 (1924) 

'‘MuftcJi Med Woch p 1812 (1903) 

"In one case recently studied by the author, autoagglutinins were found which 
acted in high dilutions even at body temperature f-4mer Jour. Clin Path 12: 189 
(1942)] 

"Munch med Woch 51: 1590 (1904) The lest is performed by mixing the 
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of the liver, hemolytic icterus, Raynaud s syndrome (table 9), trypano 
somiasis of man and animals, severe anemns, and other conditions Such 
cases are infrequent, since McCombs and SIcEIroy*® could only cull re 
ports of 38 authentic cases of the phenomenon from the medical litcra 
ture In addition to the cases reported m the Ulerature however, there 
must be many that have not been recorded For example atleastadozen 
instances of autoagglutination at room temperature have been seen bj 
the author Occasionally abnormally powerful autoagglulinins have 
been found in the absence of disease, and in some ca«es such agglutinins 
were found to be hereditary*’ 

The presence of demonslrabfe auloaggluttnms (though weak and active only in 
(he cold) m normal individuals raises the que<(ion as to their physiological function 
if any As for the mechanism whereby they increase m tiler in the pathological con 
ditions listed above the explanation <uggcsts itself that under rare circumstances 
when destruction of tissue or blood celts occurs within the bod> auto antibodies 
are produced as a result of auto immunization For example autoagelutinins have 
been observed in acute hemolytic anemias such a> may occur duiing sulfanilamide 
therapy* benzene poisoning” and the hemolytic ensts of congenital hemolytic 
icterus The autoantibodies found m the <erum of patients with acute hemolytic 
anemia may therefore be (he result rather than (he primary C3U<e of the disease 
as Dameshek** believes Once (hey appear however ihc autoantibodies may aggra 
vate the symptoms and a vicious cycle may be established 

In rabbits the production of auioagglutinins can be induced by repeated bleedings 
or by repeated transfusions with rabbit blood” With regard to the occurrence of 
cold autoagglutinins in normal rabbit« cf Wheeler * 

Autoagglutinms which are active at room temperature are a source 
of error in blood grouping In rare instances theautoigglutmins are '■o 
powerful that it is impossible to perform a blood count except at 
body temperature because of «.pontancous clumping of the cells despite 
the high dilution of the blood in the pipette In such cases the patient s 
unwashed cell suspension may exhibit a^Iulinalion regardless of the 
testing serum, so that such individuals may be assigned incotteclly to 


patients serum (which should be separated at 37“C) and red cells The miiiurc is 
iiisl kept at ice-box temperature for 5 to 10 minutes and then warmed to 3 °C 
when hemolyeis occurs 

’‘Arch Ini J/cd 59 107 (1937) A]«o «cc the review by Ro'enthal and Corten 
[Fo/ia Ilcmatol 58 M {193'')] 

’ Clough and Richter Bull Johns Hopkins IIosp 29 86 (1918) Guthrie and 
Huck Bull Johns Hopkins Hasp 34 80 (1923) Sicwarl and Harvey Lancet 
2 399 (1931) 

“Antopol Applebaum and Goldman Jour Amcr 2/cd Assoc 113 48S (1939) 
"As in a case 'tudied by the author and reported by Gray ct al Jour inter 
Med Assoc 114 1330 (1940) 

’ Dameshek and Schwartz JfedicwieW 232 (1940) 

"Matsuda Japan Med II or/d 6 4 (1926) 

’’Jour Immunol 34 409 (1938) 
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group AB. For this reason, whenever an “AB reaction” is obtained, it 
is recommended to set up control tests of the patient’s cells with his 
own serum. Of course, a false diagnosis of group AB can always be 
detected by demonstrating the presence of isoagglutinms in the serum 
Autoagglutination can be avoided by performing the tests at 37°C To 
obtain blood cell suspensions free from autoagglutinins, the erythro- 
cytes are washed with normal saline solution (best at 37‘^C) 

Autoagglutination may be the cause of difficulty (though far less 
frequently than the pseudoagglutination) when the patient’s serum (or 
plasma) is cross-matched against the bloods of prospective donors for 
the purpose of blood transfusion (cf page 61 ) since serum containing 
autoagglutinins can clump any human blood The serum can be freed 
of the interfering autoagglutinins by separating it from the cells at 
0°C to 5°C, at which temperature the blood cells absorb the autoagglu- 
tinins. By using serum obtained in this manner and cells washed with 
warm saline solution as described above, U should be possible to group 
and match the blood of such patients without difficulty 

As has already been mentioned, auioasglulination is ord]n3nl> reversible at 
room or body temperature However m a case recent!) seen by the author,*^ the 
patient’s oxalated whole blood sbortl) after withdrawal from (be body exhibited 
powerful <pontaneous agglutination which could not be reversed by washing with 
warm saline at body temperature, and smooth <u<pens3ons were obtained only by 
washing with saline at S0*C 

Koeppelm,^^ who encountered two cases of autoagglutination immunued rabbits 
with the bloods of these patients and found that the immune sera absorbed with 
normal cells agglutinated the bloods of both patients but not of normal individuals 
One cannot help wondering whether Koeppehn’s results were due to incomplete 
separation of the autoagglutinins from the patient’s cells, which made them more 
agglulmable than other blood b) the immune sera 

For convenience of reference, a table given by Landstemer has been 
reproduced which summarizes the characteristics of pseudoagglutina- 
tion, autoagglutination, and isoagglulination (cf table 10) 

Complicated instances are the occurrence of autoagglutination along 
with irregular isoagglutination (see below), or as observed in a re- 
cent case, serum giving both strong pseudoaggfutfnation and autoaggfuti- 
nalion 

Irregular or Atypical Isoagglutinafion. According to Landsteiner’s rule 


"Reisner and Kalkstem, Amer Jour Med Set 203: 313 (1942) 

’•Ztschr kltn Med 129: 512 (1936), tbid 130: 784 (1936) 

"For a thorough discussion of the {Aenomena, pseudoagglutination and auto 
agglutination, see Levine, Vkram ZeuiralM f Blutgrappenjorsch 2: 1 (1928). 

"Wiener, Oremland, Hyman and SamvncL, Amer lour Clin Path 11: 102 
(1941) 
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those isoagglutlnins and only those are pre-^ent in the serum for which 
the corresponding agglutinogens are absent from the cells. This rule 
applies only to the isoagglutinins which determine the blood groups, 
and there exist isoagglutinins for factors other than A and B, which, 
however, are only rarely present even when the corresponding ag- 
glutinogen is absent from the cells. These are known as irregular, 
atypical or anomalous isoagglutinins 

While the occurrence of irregular isoagglutinins in normal human 
sera has been known for a long time, the first systematic studies were 
made by Landsteiner and Levine,** and by Thomsen ** The fact that 
among normal individuals, irregular isoaggliitmins, when present at all, 

Table 10 

DlP7ERE'imTrO»J OP PSEUDOACCttmVATION, AtJTOiCCLtrnSATION 
AND ISOACCLOTIVAnOV 
(Modified after Landsteiner) 



Pseudo- 

agglutination 

Auto 

agglutination 

Isoagglutination 

Absorption of ac> 

not adsoibable 

absorbable ' 

absorbable 

tive pnnciple 
Effect of temper* ' 

not weaker, rather 
strongerat37*C 

occurs as a rule 

IS little affected b% 

ature OR tests 

onlyatJowtem 

changes of tern 


than at lower 

peratutes 

perature from 

Effect of dilution 

temperature 

IS laacuvalcd by 

1 stands consider- 

0’-37*C 

stands considerable 


slight dilution 

1 able dilution 

dilution 

Specificity 

1 non-specific 

1 non-specific 

group specific 


are weak and usually act only in the cold (“cold agglutinins”), has 
caused some to confuse them with the autoagglutinins, which also act 
best in the cold and which are often present in the same sera Despite 
the close association and overlapping between the two sorts of anti- 
bodies, a distinction can often be made because typical autoagglutimns 
react about equally well with all human bloods, while the “cold” iso- 
agglutinins act only or most intensely on certain bloods, and the latter 
can usually be separated by suitable absorption (Landsteiner and 
Levine) Irregular isoagglutlnins in normal sera active at room tern 
perature are less common than the “cold \ariety " In tests made at 1 5 ■'C, 

*’ Landslemer and Levine, Immune! 12: 441 (1926), Jour Immunol 17 
1 (1929) 

"Thomsen. Zlschr / Immumlats 57: 301 (1923) 
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Landstemer and Levine detected their presence m three per cent of the 
sera tested, Thomsen found 32 sera with irregular isoagglutimns "imong 
3500 examined by tests made at room temperature 
As Landstemer and Levme first pointed out, the irregular isoagglu 
tmins in normal human sera are of four varieties (1) Those reacting 
nith bloods of subgroup Ai and A B (known is oci or anti A agglu 
tinins) These are probably the most common and are found among 
individuals of subgroups A* and AjB (2) Agglutinins reacting with 
all group 0 bloods, and less 
intensely with bloods of sub 
group Aj known as anti O 
(or ccj) agglutinins and 
found among individuals of 
subgroups AiB and Ai, rare 
ly also in group B (3) Ag 
glutimns specific for blood 
containing agglutinogen P 
(originally designated as ex 
tra agglutinin 1) These oc 
cur among P negative indi 
viduals of all blood groups 
(4) Unclassified irregular 
isoagglutimns 
Landstemer and Levme 
pointed out that there is no 
sharp line between the ir 
regular isoagglutimns that 
act at room temperature and 
those which react only in the 
cold (cold agglutinins) This 
IS substantiated by a study 
made by KetteP* on the rela 
tionship between the titer 
of cold agglutinins at 0°C 
and their thermal amplitude, 
which is determined by the 
highest temperature at which they still give a reaction As is shown in 
figure IS the thermal amplitude is usually directly proportional to the 
titer of the cold agglutinin The observation that there exists a senes 
of agglutinins varying from those giving distinct reactions at room 


VndersogeUer aer Kuldehaemagilutmmer Page 87 Copenhagen (1930) 



Temperature 

Fig 15 Relationship betweev Titer of 
C om Agglutinins and the Therjial 
Amputltje (After Kettel) 
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lemperalure down to the ordinary cold agglutinins conforms with the 
theory suggested. 

The presence of anomalous isoagglutinins in the serum does not in 
any -vNay interfere with the determination of the group of the cells, since 
in all such cases the blood cells give tj^iical reactions with the typing 
sera A point of practical importance is that the atypical agglutinins 
only exceptionally act at and, as a rule, the reactions are con- 

siderably weaher than typical isoagglutination. Obviously, sera con- 
taining atypical agglutinins must not be used for routine blood grouping 

It should be noted that laoagglulinins,** bke other hemagglutinins” are not single 
substances, but can be separated into several fractions For txample, the following 
experiment may be cited 

Anti A serum is absorbed with 1/64 \olume of red blood cells (A,) at i"‘C 
Temperature S7*C 20'C 0”C 

Titer before absorption 16 64 64-128 

Tiler after absorption 1 16 64 

The absorption has therefore faded to remo'e a certain fraction of the agglutinins 
which acts best at low temperature, but has rcmoitd a fraction of the agglutinins 
that has the property of acting at higher temperatures The i‘oaggIutinins therefore 
consist of a mixture of a number of fractions which %ar> with respect to their (her 
mal amplitudes This experiment also indicates that there is really nn sharp line 
between the cold agglutinins and the tspica) isoagglutinins 

Aside from the irregular isoagglutinins in normal sera de^ribed 
abo\e, isoagglutinins may occur as a result of isoimmunization, as after 
repeated transfusions or m pregnancy (cf page 63) The immune 
irregular isoagglutinins most commonly encountered give reactions cor- 
responding to property Rh, though immune Isoantibodies for P, M, A, 
and 0 have also been described” (cf. page 63) ^\^liIe many of the 
isoimmune sera, like the natural sera, give the strongest reactions in 
the cold, not infrequently sera with “warm agglutinins” (Levine) are 
encountered which react best at body temperature, giving little or no 
reactions at refrigerator temperature** 

Bacteriogeuic AgglutUiation There are phenomena unrelated to iso 
agglutination resulting from bacterial action, and including not only 
agglutination dependent on changes in the blood cells, formerly desig 

" lanistemer onfi Levine, Jiwir 

** Bialo'uknii and Hir&ifeld, Collide T€nd Soc Biol 89 1361 (1923) 

"Thomsen, in Steffan'a Ilandbuth der Bhtgriippntkiinde Page 48 J F Leh 
inann Munich (1932) Also »ec Fnedenreich, Zatschr / Immumtats 71 26 

(1931) 

• Wiener, Arch Path 32. 227 (1941), Wiener, rimer Jour Clin Path 12. 302 
U942) 

“Zacho, Zlsckr / Rassenphysifd 8: 1 (1936), Levine, Katzin and Burnham, 
Proc Soe Exp Biol and iled 45 : 346 (1940), W’lener and Forer, Proe Soc Exp 
Biol and Med 47: 215 (1941) 
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naled as ‘ panagglutination’ or the * Hubener Thomsen phenomenon,” 
but also reactions due to changes m the serum Because these phe 
nomena depend on bacterial action, Davidsohn and Toharsky^® ha\e 
suggested the name ‘ bactenogenic agglutination ’ Obviously, the phe 
nomena will not occur when perfectly fresh blood and serum are used 
for grouping tests 

Bactenogenic agglutination was first observed by Hubener^® and 
Schiff and Halberstaedter** m tests made on blood that had been kept 
for a number of days, and subsequently was also found to occur m 
tests on menstrual blood” and postmortem blood The earlier investi 
tors” ” noticed that some samples of stored blood became panagglutin 
able, that is, while the blood suspensions usually appeared unchanged 
or only slightly discolored purple, the cells were clumped by any nor 
mal human serum including that of the patient from whom the blood 
had been obtained Thomsen” suspected that the phenomenon was of 
bactenal origin because he found that the property of panagglutin 
ability could be transferred to fresh cell su'^pensions by the addition 
of a drop of the panagglutinable blood suspension, the phenomenon 
appearing after an incubation period of 12 to 24 houra at room tempera 
ture Fnedenretch” succeeded m isolating bacteria from panagglutin 
able blood which had the capacity of inducing the phenomenon m 
fresh blood The microorganisms in question he named M and J 
bacilli, descriptive of their peculiar morphology, and tests on large 
numbers of other bacteria revealed (hat this property was shared by 
only a few of them notably members of the genus Corynebactenum 
and b> certain vibrions According to Fnedenreich, the bacteria pro 
duce an enzyme which acts on the red blood cells The enzyme trans 
forms a latent receptor in the erythrocytes into an active agglutinogen 
which Fnedenreich has designated as T Anti T agglutinins are present 
normally m almost all human sera except those of young infants, so 
that such transformed blood cells usually react like group AB cells 

‘’Davidsohn and Toharsky Joiw Jnf Dts 67 23 (19-10) Jour Immunol 43 
213 (1942,) 

'’Zeitschr / Immumlats 45 223 (1025) 

* Zettschr, / Immumtats 48 414 (1926) 

"Wiener Jour Amer Med Assoc 97 1245 (1931) 

“Wiener unpublished observations 

"Zeitschr / Immumlats 52 85 (1927) 

"Fnedenreich The Thomsen HemcggluttnaUon Phenomenon Levin and Munks 
gaard Copenhagen (1930) 

“ Other Ijacteria having this property are the T cocci of Ferada [Tatican Igakkai 
Zasshf 35 1267 (1936)] and Davidaohn and Toharsky s Corynebactenum H 

(Hektoenii) cultures of which can be obtained from the Amencan Type Culture 
Collection Georgetown ^ledical ‘khool Washington DC 
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with the standard test sera The pitfall in grouping can be a\oided by 
noting that the cells are also agglutinated by group AB serum, by 
demonstrating the presence of anti-A or anti B isoagglutmms in the 
patient’s serum, or by repeating the tests on a fresh sample of blood 
This serves to emphasize the advice already given to use only fresh 
cell suspension for blood grouping (cf page 20) If fresh cell suspen 
sions are not available, the possibility of the occurrence of the Thomsen 
phenomenon must be borne in mind Thomsen points out that this phe 
nomenon is rarely observed in blood that has been kept in the form of a 
clot 

That T agglutination is due to an antigen antibody reaction is sug 
gested by the fact that the anti-T agglutinin is absorbable by trans 
formed cells but not by normal blood Indeed, by suitable absorption 
tests or by using test sera from which the anti T agglutinins have been 
removed by treatment with transformed group O cells, the correct 
group of the blood can be determined despite the transformation of the 
cells In this connection, it is of interest to note that Friedenreich has 
shown that guinea pigs specifically sensitized by injections of trans 
formed blood cells can be shocked by further injection of such blood but 
not by normal blood 

Levine &ad Kiltin*' have leeently leported e pccuhar phenomenon observed 
wilb the blood of a patient 4 years of age sufTering from an infection ^vith pneumo* 
coccus I nho bad been treated uitb serum and sulfanilamide The patients blood 
belonged to group 0 yet it was speahcally agglutinated by about 25 per cent of 
normal sera of all groups so (hat (he blood cells evidently contained a special ab 
normal agglutinable substance This was apparently an acquired characteristic since 
It could not be demonstrated m (be patients blood 4 months later In some re- 
spects the phenomenon oh«er\ed by Levine and Katzin resembles the Thomsen 
phenomenon except that the change occurs in me 

As pointed out above, the transformation of a latent receptor m the 
red cells into an active agglutinogen T through the action of bacterial 
enzymes, may give rise to errors m blood grouping A second mechanism 
by which bacteriogemc agglutination can occur is the production of 
substances capable of causing agglutination of blood cells For example 
in a case reported by Grove and Crum,** a bacterial contamination was 
the cause of an error in blood grouping In this case, the ‘bacterium in 
question, a mustard bacillus, had infected the testing serum which 
hereby acquired the capacity to agglutinate all human cells While 
this phenomenon is quite distinct from T-agglutination, Davidsohn 


* Proc Soc Exp Biol and iled 39 167 (1938) 

'•/oiir Lab mid Cfi« ifed 16 259 (1930) cf Lacy Jour Immunol 14 189 
(1927) also cf Kappers DeuUck med iJoek 64 534 (1938), Eisenl>e^ 
Ceniralbl / Baktenol 34 739 (1903) 
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and Toharsky have shown the agglutinating substance to be likewise 
absorbable by susceptible cells Infection by bacteria capable of caus 
mg bactenogenic agglutination may produce only slight and hardly 
noticeable clouding of the test sera, but by the usual control tests this 
source of error will be detected Bactenogenic agglutination of the 
second type has been designated H agglutination by Davidsohn and 
Toharsky, in order to distinguish it from the Hubener Thomsen phe 
nomenon (T agglutination), and because they observed the phenom 
enon in serum inoculated with Corynebactenum H 

According to Davidsohn and Toharsky, the formation of the bac 
teriogemc agglutinins results from the transformation of some con 
stituent of the serum by a bactenal product present m filtrates of 
cultures Formalin in dilutions up to 1 10 000 was found capable of 
preventing the formation of bactenogenic agglutinins in sera inoculated 
with cultures of the bacterium as well as sera mixed wnth active fil 
trates Merthiolate in dilutions up to I 1000, acnflavine, brilliant green 
and gentian violet in 0 I per cent concentration also prevented the 
appearance of bactenogenic agglutinins 

Secondary Coagulation Simulating Aggluhnotion When tests are made 
with unwashed cell suspensions prepared from whole blood taken di 
rectly from the finger, and with fresh serum or plasma secondary co 
agulation can occur and be mistaken for agglutination However, coagu 
lation IS readily recognized by the gross appearance of the clot and on 
microscopic examination This phenomenon does not occur with washed 
cell suspensions or when stored or inactivated sera are used for the tests 
False Aggluttnalton by VmbtUcal Cord Sera While testing a series of 
sera obtained from umbilical cord blood against known cell suspensions 
of groups A and B on the open slide, the author observed a phenomenon 
which resembled true agglutination It was found with some of these 
sera, that when the slide was lilted back and forth, the cells came to 
gether in clumps, but these clumps broke up again if the slide was aliened 
to remain at rest This process could be repeated indefinitely and 
occurred with any blood suspension including that of the sample from 
fJresmnrr wascfem'etf It that s 

jelly from the umbilical cord was responsible for the phenomenon 

" C/ Lusena iltnena med 9 64 (1929) 

“■Polayes Lederer andWiene? Jour Immunol 17 34S (1929) 
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HISTORY OF BLOOD TRANSFUSION 

From early histoncnl times the use of blood as a therapeutic measure 
was advocated some people belie\ing that the blood not only earned the 
vital force of the body but was also the seat of the soul Thus PImyand 
Celsus describe the custom of the people who rushed into the arena to 
dnnk the blood of dying gladiators During the middle ages the drinking 
of blood %\as much recommended for rejuvemtion and the treatment 
of various diseases and the often cited transfusion of the blood of 
three youths into Pope Innocent \III m 1492 was probably of this 
nature 

Hieronymus Cardanus (1505 1576) and Magnus Pegelius suggested 
the possibility of transferring blood directly from the blood \essels of 
one individual into those of another and Andreas Libavius ( I6ls) was 
the first definitely to advocate blood transfusion describing a technic 
similar to that used until quite recently Libavius wrote in 1615 Lei 
there be a young man robust full of spirituous blood and al o an old 
man thin emaciated his strength exhausted hardly able to retain his 
soul Let the performer of the operation have two silver tubes fitting into 
each other Let him open the arterv oftheyoungman and put it into one 
of the tubes fastening it in Let him immediately after open the artery 
of the old man and put the female tube into it and then the two tubes 
being joined together the hot and ’spirituous blood of the young man 
will pour into the old one as it were from i fountain of life and all of 
his weakness will be dispelled It doubtful whether or not Libavius 
ever actually carried out the experiment that he proposed (Scheel) 

The actual beginning of the history of blood transfusion should be 
dated from the discovery of the circuhtion of the blood by Harvey in 
1616 and the publication in I62S of his immortal monograph Exer 
citatio Anatomica de Motu Cordis et Sanguinis m Animahbus This 
was followed in 1658 by the experiments of Christopher Wren an 
astronomer and architect vvho injected medicaments into the veins of 
dogs by means of slender quills fastened to bladders The«e expen 
ments were continued by Robert Boyle and others and the following 
year the first infusion of solutions of drugs into human beings was per 
formed in London on a convicted malefactor 

The first authentic blood transfusion was performed m England by 
Richard Lower in 1665 In his expenmenU dogs which had been ev 
sanguinated were kept alive by transfusion of blood from other doga 
Lower accomplished this by connecting the carotid artery of one dog 
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(the donor) with the jugular vein of the other dog (the recipient) by 
means of quills It is of interest to note that the technic used by Lower 
does not differ in any fundamental respect from one of the methods used 
more than 250 years later for transfusions fn human beings 

The first transfusion in human beings^ was performed in 1667, when 
Denys and Emmerez transfused nine ounces of blood from the carotid 
artery of a lamb into the vein of a young man. This transfusion was 



Fic 16 CoVTEMPOmitV ItLUSIRATION OF Ear1.V LaSIB BLOOD 
TRASSFUSIOX LAMS%%ECRDe, 1684 


successful, and encouraged by his success, Denys performed other 
similar operations In his writings he referred to the fact that the patient 
passed urine as black as soot following the transfusion In the mean- 
while, Lower and King performed a successful transfusion in England, 
in which nine ounces of the arterial blood of a sheep ivas transferred to 
the veins of a man 

These experiments terminated when the fourth patient transfused 
by Denys in France died from the effects of the procedure The 
symptoms exhibited by the patient who received the fatal transfusion 
are of interest in the light of our present knowledge The patient, a 
luetic, had been transfused with some alleviation of his mania, it was 
claimed, tivice before, the first transfusion being symptomless, but 
following the second transfusion “his arm became hot, the pul«e rose, 
sweat burst out over his forehead, he complained of pain in the kid* 

‘The claim that the first blood transfusion from man to man was made by Franz 
Folli IS contradicted by Mayrhofer [ifed Well 12; 473 (1938)] 
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neys and was sick at the stomach. The next day the urine was very 
dark, in fact black ” It is clear that the hemolytic reaction following 
the second transfusion was due to the immunization of the patient 
against sheep blood, and the third transfusion resulted in a fatal 
shock A charge made by the patient’s wife that her husband had been 
poisoned by Denys, led to a long 
legal battle which ended with the 
exoneration of Denys, but the 
court decreed that further trans- 
fusions w ere to be prohibited, ex- 
cept with the sanction of the 
Faculty of Medicine of Pans* 
Ten years later (167S) an edict 
of Parliament specifically pro- 
hibited the operation, thereby 
closing this chapter in the history 
of blood transfusion 
For a period of ISO years, no 
further progress was made and 
very little interest was shown In 
blood transfusion In 1818, in- 
spired by a desire to do some- 
thing for the many distressing 
cases of death from hemorrhage 
occurring especially in midwife- 
ry, James Blundell attempted to 
revive the operation of blood 
transfusion He devised a rather 
crude apparatus consisting of a 
large receptacle for the blood con 
nected to a syringe by which the 
blood was injected through a tube into the patient From the modern 
point of view his technic would be less satisfactory than that used by 
Lower, but Blundell's researches on blood transfusion, as well as on 


’ Tur 5ti'ier tirfornKftion njncennne Vkre eartj Vioob Jtc 
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the properties of the blood and the effects of its rvithdraual, served to 
revive the interest of the profession in blood transfusion 
Through the efforts of many workers, too numerous to mention, the 
operation of blood transfusion was gradually perfected until today it 
IS a safe and invaluable therapeutic procedure when performed by 
properly trained physicians Before the present state of perfection 
could be attained, however, two main difficulties had to be overcome 
(1) Unfavorable reactions to transfusion caused by “incompatibility ’ 
of the bloods of the donor and recipient had to be recognized (2) Diffi 
culties caused by coagulation of the blood had to be prevented by per- 
fection of the transfusion apparatus and technic 

INCOMPATABILITY OF BU>OD IN RELATION 
TO BLOOD TRANSFUSION 

Although it was noted that the transfusion of blood of domestic am 
mals into man was often followed by hemoglobmuna (black urine), 
fever, or even death animal blood was still used during the nineteenth 
century In the latter half of the nineteenth century, Panum and Lan 
dois, in a series of experiments showed that while an animal which 
had been depleted could be saved by transfusion of the blood of another 
animal of the same species (as in the famous experiment of Lower), it 
would die if the blood of an animal of a different species was u«ed 
Landois showed that if human blood was mixed m xitro with the blood 
of other animals the human red blood cells would become hemolyzed, 
and the white blood cells would cease their ameboid motion and die 
Similarly, Ponfick found that transfusions between animals of the same 
species were safe, whereas if donor and recipient of different species were 
used, anuria or hematuria, coma and even death might often follow* 
This work, however, did not explain why transfusions with human 
blood should be followed by dangerous or fatal reactions, a fact which 
was the cause that blood transfusion was almost completely abandoned 
as a therapeutic measure These reactions were finally explained by 
Landstemer in 1900,* when be showed that the serum of one normal 
human being can agglutinate or hemolyze the bloods of certain other 
individuals This is undoubtedly the most important single di«cov ery re 
lating to blood transfusion, and Landstemer himself,® fully realizing the 

’One would expect that these results would by forever the ghost of animal 
blood transfusion >et according to Zimiuennaa and Howell as recentl> as 1928 
a monograph appeared in France again advocating the transfusion of animal blood 
into man 

" Cenlralbl f Baklertc! 28 357 (1900) 

‘Tlien kUn och 14 1132 (1901) also see Wiener Jour Amer Med Assoe 
100 20S (1933) 
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practical significance of his findings, pointed out the importance of the 
blood groups for blood transfusion in his original paper on blood groups 
In 1907, Hektoen® repeated the suggestion that the blood groups be 
made the basis of the selection of donors for blood transfusion Otlen 
berg and Schultz* nere probably the first to applj Landsteiner’s dis 
coverj for the determination of compatibility in an actual transfusion 

An experimental confirmation of the importance of blood grouping 
m transfusion nas offered by the work of Ottenberg and his collabo 
rators on transfusions in dogs and cats* In 1913, Ottenberg and Kal 
iski‘® reported their observations on 128 human blood transfusions In 
three of these cases it was shown by agglutination tests that the pa 
tients serum reacted with the donors cells One of the three patients 
developed anuria and died eight hours after transfusion, and a second 
died ivithin 48 hours In each case blood smears made during and after 
the transfusions showed phagocytosis of the red blood cells On the 
other hand when the bloods of donors and recipient were compatible 
none of these reactions occurred Hemoljtic reactions reported by 
other authors at about this time were also shown to be due to incom 
palibility 

These observations and especially the experience acquired during the 
first Morld War led to tlie universal adoption of blood grouping as a 
basis for the selection of blood donors This has proved so satisfactory 
that at present there exist Blood Donor Agencies which ha\e lists of 
donors of each group, «o that the proper donor can be obtained on short 
notice 

In more recent years with the increasing popularitj of blood trans 
fusion as a therapeutic procedure, occasional instances were en 
countered of hemolytic reactions following the use of blood of the 
same group as the patient These ha\e been attributed to the prc'-ence 
of irregular isoantibodies m the patient s serum, but not in all cases 
were such antibodies demonstrable by cross matching tests New in 
formation on this point was obtained in 1940 when I andsteiner and 
Wiener" detected a new factor in human blood (Rh) unrelated to the 
agglutinogens A and B, and shortly thereafter Wiener and Peters 
obserred three instances of hemolytic reactions^ one fatal in which 
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isoantibodies for this factor \\ere present in the patient’s sera The^e 
were patients who had received previous transfusions, the anti Rh 
isoantibodies being most likely the result of isoimmunization Further- 
more, it i\as found that transfusion accidents can occur at an initial 
transfusion due to isoimmunization m pregnancy, the fetus ui ulero 
supplying the foreign antigen (Levine and Stetson,” Wiener and 
Peters,” Levine, Katzin and Burnham”) Some of these acadents had 
previously not been recognized as related to the transfusion, but were 
believed to be merely pregnancy complications Apparently the great 
majority of the reactions m repeated transfusions and in pregnancy 
ca-^es are due to the Rh factor 

DEVELOPMENT OF THE TECHNIC OF TRANSFUSION 
One of the mam difficulties encountered by the early l^orke^s m blood 
transfusion was the readiness of blood to coagulate when in contact with 
the apparatus or air The coagulated blood uould either clog up the ap 
paratus, thus interfering with the continuation of the transfusion, or if 
introduced into the recipient s circulation might cau«e fatal embolism 
This difficulty was combated m t«o ways (A) by increasing the speed 
of the operation or by lining the apparatus with substances which did not 
favor coagulation, (B ) by modifying the donor s blood «o as to prevent 
Its coagulation The former constitutes the transfusion of unmodified 
blood, and the latter the transfusion of blood modified by difibrination 
or the addition of certain anticoagulants 

A Transfuston of Unmodified Blood The possible methods of trans 
fusing unmodified blood may be grouped under three headings ( I ) the 
direct method, in which a blood vessel of the donor was sutured to a 
blood vessel of the recipient, (2) the semi direct method, in which the 
blood was allowed to flow or was pumped through tubes from the donor 
to the recipient or was transferred with the aid of syringes , and (3 ) the 
indirect method, m which the donors’ blood was collected in a receptacle, 
and then administered to the recipient by the intravenous route 

(1) It is a curious circumstance that the most difficult of the three 
method's of transfusion was the earfiest to 6e perfeefed" fnspirecf 6y 
Carrel’s work on end to-end anastomosis of blood vessels, Crile” devised 
a method for the direct transfusion of blood m 1907 In order to main- 
tain the flow of blood an artery of the donor was connected to a vein 
of the recipient In Cnie's method a small cannula was used (cf fig 18) 
through which the vein of the recipient was drawn and cuffed back 
over the cannula The artery of the donor was then drawn over the 

'’Jour Amer Med Assoc 113 126 (1939) 

" Proc Soc Exp Btol and Med 45 343 (1940) 
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vein, thus forming a continuous lining of intima without anj rough 
areas to favor coagulation Crile’s technic would of course have been 
impossible avithout the development of aseptic surgery at the end of 
the nineteenth century The direct method of transfusion has been 
abandoned, however, because of the blowing difficulties considerable 
surgical skill was necessary, the amount of blood transfused could not 
be accurately measured, an artery of the donor had to be sacrificed 
the same donor could only be used once or twice there was danger of 
transferring disease from recipient to donor, and a 
slight motion of either donor or recipient might sever 
the anastomosis, a very distressing complication 
(2) By connecting the artery of the donor with 
the vein of the recipient by means of tubes the sur 
gical technic can be considerably simplified This 
semidirect method of transfusion had been used by 
Lower m his experiments, already quoted, m which he 
connected the carotid artery of one dog to the jugular 
vein of a second dog by means of quills During the nineteenth century 
lubes made of metal, caoutchouc, pieces of artery of animals etc were 
used Most of the attempted transfusions were unsuccessful or only 
partly successful, however, since the blood would coagulate inside the 
tubes, and the transfusion would have to be interrupted In 1915, Bern 
heirn** used this method successfully by using paraffin lined tubes 
(0 connect the blood vessels of donor and recipient (cf fig 19) Since 
an artery of the donor must be severed, this method is open to most 
of the objections that have been raised against the direct method of 
transfusion, and it has therefore also been abandoned 
For the reasons just mentioned attempts were made to transfuse blood 
from a vein of the donor to a vein of the recipient In this semidirect 
method of transfusion of blood, since there is little or no difference in 
pressure between the circulations of donor and reapient, external force 
must be used to propel the blood Blundell’s apparatus was of this na 
ture, but it was so complicated that the blood soon coagulated and only 
small transfusions could be given During the nineteenth century at 
tempts were made to devise an apparatus which would speedily trans 
fu«e the blood from donor to recipient, but they were all too complicated 
to succeed 

The present popular methods of semidirect transfusion were made 
possible by the use of the syringe and intravenous needle In 1892, von 
Ziemssen” succe'^sfuUy performed a blood transfusion by drawing 20 
c c of blood at a time info a syringe from the donor’s vein and injecting 


‘‘Bcmheim Blood Transfusion Hemorrhage and Ihe Anemias Thth (1917) 
’Hunch med BwA 39 323(1892) 
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it into that of the recipient In 1913, Lindeman” improved this technic 
by using a large number of syringes that were kept constantly clean by 
an assistant who washed them with saline solution This method was not 
very popular because a team of trained assistants was necessary, and 
the danger of coagulation was everpresent Finally, m 1915, by making 
use of a syringe with a four way stop cock, Unger’’ devised an ap 
paratus that made possible transfusions of large measured amounts of 


Fig 19 Arteriovenous Trassfustom Bermieist 


blood, without placing undue hardships on either the donor or the re 
cipient The same year Miller*® described a simple apparatus which 
employed a similar principle and numerous satisfactory syringe valve 
apparatus with different mechanisms have since been devised 

(3) The indirect tranafusion of unmodified blood was made possible 
by the discovery that if the receptacle in which the blood is collected is 
evenly lined with paraffin, coagulation of the blood is delayed A special 
cylinder invented by Kimpton and Broivn*' in 1913 was used for trans 
fusing measured amounts of unmodified blood by this method Although 
the method has certain disadvantages the original Kimpton Bro\vntube, 
or modifications of the tube were still being used for blood transfusions 
m certain institutions as late as 1937 both in this country and abroad 
B Transfuswn of Modified Blood Discouraged by his unsuccessful 

"Amer Jour Dts Child 6 2S (1913) 
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attempts to transfuse unmodified blood, BisdiofP suggested defibrina 
tion of the donor’s blood For this purpose various types of apparatus 
were devised whereby the donor’s blood could be whipped until all the 
fibrin had been removed The blood was filtered through gauze to re 
move any small dots that may have formed and then injected into the 
recipient Recently, the method has been revived, particular!} by Fila 
tov ” who claims satisfactory results from the transfusion of conserved 
defibrinated blood 

The addition of phosphate of soda to the donor s blood was suggested 
and used by Braxton Hicks” as an anticoagulant, but this method was 
found to be dangerous on account of the harmful effect of the phos 
phafe Hirudm was tried at the suggestion of Landois (1892), but was 
discarded on account of its toxicity Citrated blood was used for the 
first time by Hustin” in 1914 but his method consisted in infusing 
highly diluted blood mixed with sodium citrate and dextro'^e At the 
beginning of 1915 Agote” and Lewisohn*’ sinuiltaneously described the 
transfusion of citrated whole blood, but 'Le^sohn worked out the 
technic in detail, especially the amount of citrate to be used as an 
anticoagulant Because of its simplicity, the method was used exlen 
sively during the first World War 

Recent Dexelopmcnts During the two decades following the first 
World W’ar a controversy existed as to the relative merits of citrated 
blood and unmodified blood for transfusion The proponents of un 
modified blood transfusions pointed to the supposed toxic action of 
the citrate ion and the physiologic advantages of injecting blood in as 
natural a state as possible The proponents of the citrate method on 
the other hand, pointed out its simplicity, and that sodium citrate 
m the doses required for transfusion was harmless, while the rapidity 
with which transfusions of unmodified blood must be earned out to 
avoid coagulation can be dangerous to patients with weak miocardia 
Salant and W’lse** showed that while the citrate ion is stable in blood 
stored m vitro, it is rapidlv oxidized by the tissues in vno so that 
the body can tolerate fairl> large amounts of citrate provided it is 
administered slowly Utilizing this principle for carrying out massive 
transfusions by the drop method, Marriott and Kekwick’* found that 


’‘Arch / Anal P/iysiol u vus ^fed p 347 (1805) 

••Bctlr z Kim Chir 164 9 (1936) AI o rec Ragda'sarov Le Sms U 
(1937) 

’ Guy s Hasp Rep 14 7 (1869) 

‘‘Jour dcBrux 12 436 (1914) 

’’Ann tie Inst mod de elm med Buenos Aires Jsn (I9IS) 

’'\fed Rec 87 141 (1915) Surg Gyn and Obsl 21 37 (191S) 

“/oiir Biol Chem 28 27 (1917) 

“Lancet 1 977 (1935) 
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relatively enormous doses of dtrate could be given without harm to 
the patient. \\Tien it was found, moreover, that the incidence of chills 
and fever was no higher following transfusions of fresh citrated than 
for fresh unmodified blood,*" the pendulum began to swing more 
definitely in favor of the citrate method. In more recent years the 
safety of the use of stored citrated blood and plasma for transfusions 
has been established, and the transfusion of unmodified blood has lost 
much of its favor, though there is still a small group of cases in which 
it remains the method of choice 

"Rosenthal and Lewisohn, /owr Amer Ued Assoc 100; 466 (1933); IViener, 
Oremland, Hyman and Samwjck, itwicr Jour Clin Path H: 102 (1941) 

For a rather complete bibliography on the history of blood transfusion, «ee Bull 
N. Y Acad Med 15: 622 (1939) Also see Kilduffe and DeBatey’s ‘The Blood 
Bank and the Technique and Therapeutics of Transfusions ” Chapter I C. V 
Mosby Co, St Louis (1942) 



CHAPTER V 


SELECTION or DONORS SURVIVAL OF 
TRANSFUSED BLOOD CELLS 

In transfusion, two types of mcompatibiljty are to be distinguished 
(I) The recipient’s serum agglutinates or hemolyzes the prospective 
donor s cells The use of such donors is likely to be followed by hemo 
lytic reactions (2) The prospective donor's serum agglutinates the re 
cipient’s cells, but the recipient’s serum does not agglutinate the donor s 
cells Such donors can usually be safely used, as was pointed out by Ot 
tenberg ’ 

Ottenberg e'^lained this by the fact that if incompatible cells are 
transfused, they are acted upon bv the recipient’s concentrated serum 
as they enter the circulation and hemolysis ot agglutination occurs 
When incompatible serum is transfused, however it is so diluted in the 
recipient’s circulation that the antibodies may not injure the recipient i 
cells * According to this principle, individuals of group 0 may be used 
as "universal donors ” since their blood cells are not agglulinable Fur 
thermore individuals of group AB may be regarded as ‘ universal re 
cipients,’ since they possess no isoagglutinins Levine and Mabee’ have 
pointed out, however, that it may be dangerous to use as universal 
donors individuals of group 0 whose agglutinins are of high titer Tor 
this reason, it is advisable, as a routine, to use donors of the same group 
except in the case of an emergency nben only a group O donor is 
available If universal donors are used, tho^je possessing agglutinins of 
high tiler 'should be avoided particularly for individuals m weakened 
condition or those with severe anemia 

According to a regulation recently included (June 26 1941) in the 
Sanitary Code of New York State, only those group O individuals may 
be used as universal donors whose isoagglutinins have proved to be 
of low titer by actual titration Witebsky, Klendsboj and Swanson* 
have suggested that the addition to citraled group 0 blood of solutions 
of gfucrp substsiKXS A sctd 3, in omabr tn ncateshse the iseaggiut/mns 


•Jour Exp Med 13 425 (1911) 

* Absorption of the donor s agglutmins by the tissues of the recipient and neu 
tralization by the recipients own senim will also (end to prevent a reaction (c( 
chapter \VI) 

*/o«r Jmmwwl 8 425 (1923) Also/« Freeman and W hitehouse Amer Jour 
Med Set 172 664 (1926) 

•Jour Amer Med Assoe 116 26a4 (1941) C/ t^iener and Pennell Amtr 
Jour Med Set 204 J (1942) 
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in the blood, and these investigators have reported favorable results 
from this procedure 


SELECTION OF THE DONOR 

The recipient’s blood must be typed so that a donor of the proper 
group can be obtained In addition, the cell suspension of the prospec- 
tive donor should be tested with the serum of the recipient, and vice- 
versa, as an additional check on the typing, and also to detect the 
presence of any irregular isoa^lutmins This test is known as “cross- 
matching” 

When time is limited, the following tests will be found convenient (cf page 
12) Suspensions are prepared by mixing 3 or 4 drops of blood in 2 3 c c of saline 
(to which may be added a small amount of 3 per cent sodium citrate) One drop of 
group A <erum is placed on the left end of (he slide and I drop of group B serum 
is placed on the right end of the slide To each is added 1 drop of the cell sus 
pension After thorough mixing (he slide is tilted back and forth for 3 to 5 min 
Hies, after which time the mixtures ma> be covered with cover slips to facilitate 
reading under the microscope The cross match is performed between the bloods of 
(he patient and a donor of the same group as the patient Ten drops of blood are 
mixed with 1 drop of a 5 per cent sodium citrate solution m a small tube, and the 
plasma is immediately separated by cenlnfugalization (This amount of blood can 
be readily obtained by puncturing the linger) One drop of the recipient’s plasma 
IS mixed with 1 drop of donor's cell suspension on one end of the slide, and 1 drop 
of donor’s plasma is mixed with 1 drop of recipients cell suspension on the other 
end of the slide Jf no agglutination is seen m either muture when examined under 
the low power of the microscope the donor may be used for the transfusion \\ith 
adequate technic, (he tests an be completed within fifteen minutes 

It 15 advisable, m addition to lest the patient’s plasma for serum) at once against 
known group A and group B cells as an additional check on the blood grouping 
tests, and it is usually possible lo work out a scheme whereby this ancillary test 
can be done even in so called “emergency” transfusions (cf fig 3S) ® The con 
firmatory tests are recommended since (hej reduce tbe chance of making mistakes in 
blood grouping However, a survey of Amencao hospitals reveals that with few 
exceptions only cells and not sera are tested even m New York City, despite the 
fact that the New York Sanitary Code for 1930 requires that both tests be done 

Uhere the tests must be entrusted to individuals who have had only a short period 
of training, it may be safer to require a duplicate typing of the patient’s blood with 
a different set of testing sera, and preferably also with a different technic, for instance 
the centrifuge technic (cf page 14) 

Moreover, for reasons given below, an additional direct match by the test-tube 
method is advisable when dealing with patients receiving repeated transfusions* and 
pregnancy cases In each of two tubes are placed two drops of the patient’s plasma, 
to one 15 added a drop of the donor s cell suspension, to the other a drop of the 
patient’s cells (control to rule out nonspeafic agglutination) Since irregular i-^o- 
antibodies from different patients differ with regard to the lemperafure at which 
they givT the most intense reactions, if possible, the tests should be set up in 
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triplicate at Iwdy room and refrigerator temperatures If only a single lest is made 
this should be carried out at 37*C because most anti Rh agglutinins (the most 
common immune isoantibody) act best at this temperature’ (cf page 249) After 
one hour or longer the sediments are examined (cf page 248) then the tubes are 
gently shaken and the reactions read microscopically If either the gro'S or micro- 
scnpic reading is posiU\c m the lube containing the donors cells while the control 
test with the patients cells is negalne the donor should be rejected In urgent 
cases the period of incubation may be shortened to 5 to 10 minutes the lubes 
centrifuged at low «peed for 1 minute then gently shaken and the reactions read 
It should be emphasized that a negative result even by the tube method of matching 
does not entirely exclude the possibility of intragroup incompatibility so that in 
special cases it may be neccs«ary to resort to a biological lest (cf page 71) 

If the technic outlined above is carefully carried out, mistakes m 
grouping will not occur However, in most hospitals a Jess elaborate 
technic of grouping is employed, and, in addition it is difficult to 
eliminate entirely errors due to the human equation, such as acci 
dental interchange of blood samples or test sera, and errors in record 
ing results For these reasons occasional instances of transfusions of 
blood of an incompatible group still occur from time to time To avoid 
clerical errors it is recommended that only one sample of blood be col 
lected at a time, the tube being labelled by name, number and date 
when the blood is drawn The purpose of the cross matching test is 
to supply a check on the grouping tests and to delect the infrequent 
instances where the sera contain irregular isoagglutmins 

Until recently there ^sas considerable doubt as to the significance 
of the irregular isoagglutmins for transfusion reactions As early as 
1921, however, Unger' remarked “I have occasionally noted that al 
though the patient and donor are of the same group, when the bloods 
are tested one against the other a small number of unagglutinated 
clumps will be seen Although ordinarily such donors are rejected 
occasionally urgent need forced me to transfuse patients in which this 
phenomenon occurred In each case there was a sharp reaction — chills 
and fever — undoubtedly due to the occurrence of agglutination ’ Land 
Steiner and Levine,* on the other hand, observed no reactions after 
transfusions to patients with irregular isoagglutmins Moreover an 
analysis of hemolytic transfusion reactions by Bordlej" revealed evi 
dence m almost every case of an error in grouping, pointing to inter 
%TOtip incompatibility as the important cause of such reactions The 
apparent conflict between these observations lias been resolved fay 


’Levine Katzm and Burnham ?roc Soc Exp Biol and Ued 45 346 (1940) 
Wiener and Forer Proc Soc Exp Biol and t/ed 47 215 (1941) 

*/our Amer Med \ssoc 76 9 (1921) 

‘Jour Immunol 17 1 (1929) 

"Arch Int Med 47 288 (1931) 
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I Grouping Test on 
Patient’s Blood 
CelJs 



1 drop of patient’s blood 
cell suspension 
+ 


1 drop of patient’s b’ood 
cell suspension 
+ 


1 drop of A «erum 


1 drop of B serum 


II Grouping Test on 
Patient’s Serum 



I drop of patient’s 
serum (or plasma) 
+ 

1 drop A cells 


1 drop of patient’s 
serum (or plasma) 
+ 

1 drop B cells 


III Cross Matching 
Test 


"0 

X 

r 

i 


7 1 

1 drop patient’s cells 1 drop donor’s cells 

+ + 


1 drop donor’s serum 1 drop patient’s serum 

(or plasma) (or plasma) 


Fic 20 Diagram Illustratisg Tecumc of Blood Grouping and Cross 
Matching Bloods or Donor and REarreNT, Before Transfusion 


more recent observations which revealed that differences exist among 
the irregular isoagglutinms with regard to their signihcance for trans- 
fusion, as outlined below 

The significance of intragroup incompatibility due to irregular iso- 
antibodies can best be judged by comparing this phenomenon with 
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intergroup incompatibility due to the isoantibodies anti A and anti B 
While unintentional transfusions of blood of an incompatible group 
such as A to 0, B to 0, AB to A, etc, have caused severe or fatal 
hemolytic reactions, such transfusions have at times been entirely 
symptomless or followed onlj by relatively mild symptoms For ex 
ample, one instance came to the author’s attention” m uhich a patient 
of group 0 was transfused with 1500 cc of group B blood from 3 
different donors wnthin a period of a few hours, without any clmvcal 
evidence of either an immediate or delayed reaction, so that this 
mistake was not detected until 5 days later when the patient’s blood 
was retested before another transfusion The reason for the absence 
of symptoms was probably that the patient suffered from leukemia m 
which disease as Davidsohn’* has found, the isoagglutinins are ordi 
narily of low titer It can be assumed that while, as a rule incompatible 
blood IS quickly eliminated from the arculation (within 1 or 2 days) 
in contrast to compatible blood which remains as a rule, for periods 
up to 3 or 4 months (cf page 73) this process goes on at a slower 
rate when the isoantibodies are weak thus accounting for the ab 
sence or mildness of s>mptoms Transfusions of blood of an in 
compatible group result in an increase m the isoantibody titer by 
isoimmunization, because the agglutinogens A and B are antigenic in 
man (cf Wiener et al”) Immediately after the transfusion however 
the isoantibody titer is low on account of the absorption of the iso 
agglutinins by the incompatible blood cells (cf figure 36) This “nega 
tive phase’ lasts 2 or 3 days and then the isoagglutinm liter rises 
again reaching its peak (often many times the original titer) m 7 to 
10 dajs A lecond transfusion of incompatible blood at this stage will 
usually result in a severe or fatal reaction 

Two ca«es reported by Tbalhtmcr” and Aslrofte” illustrate the points outlined 
abo\e The patients were given transfusions of blood that was believed to be 
compatible and after an interval of Iwo or three weeLs the same donors were u«ed 
for a second transfusion since no reaction of any sort had followed the first one 
In both patients a severe hemolytic reaction occurred during the second transfusions 
Asirowes patient dying as a result of the reaction Retests m Thalhimers case 
revealed that the patient belonged lo group O the donor to group B in Astrowe s 
ca«e tM patifiot belonged lo group O Che donor to group A. 

These observations indicate that isoantibodies due to immunization 
are far more dangerous than natural isoantibodies in blood trans 
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fusions, and this would account for the apparent discrepancy in the 
findings with irregular isoagglutinins The irregular isoagglutinms 
studied bj Landstemer and Levine were in individuals not previously 
transfused (cf page 44), and transfusions of blood agglutinable by 
such irregular agglutinins in the serum of the patient would not as 
a rule, give rise to any noticeable reaction A problem worth investigat 
mg IS whether such transfusions are followed by inapparent hemoij'sis 
of the donor’s blood 

In certain patients receiving repeated transfusions, on the other 
hand, irregular isoagglutinms may appear m the serum as a result of 
isoimmunization In such patients repetition of the transfusion using 
either the same donor or another donor whose blood is agglutinated or 
lysed by the patient’s serum has resulted m severe, and even fatal 
hemolytic reactions Immune irregular isoantibodies can also result 
from pregnancy, in patients who have never had a previous transfusion 
In such cases, the fetus in utero is the source of the foreign antigen, 
inherited from the father and lacking from the mother’s blood (cf 
page 117) ” It IS evident therefore that special care must be exercised 
m selectirg donors for these two classes of patients Particularly in 
such cases, but preferably as a routine, if the donor’s cells are agglutin 
ated by the patient’s plasma, other donors should be tried until a 
completely compatible one is found Bj this method it may sometimes 
be necessary to test a good many individuals before a suitable donor 
IS obtained, and care must be taken not to overlook weak reactions 
and so to pass an unsuitable donor A procedure to be recommended 
IS to test patient’s sera which contain irregular isoagglutinms against 
a series of individuals whose bloods have been examined previously for 
properties Rh, P and the subgroups, since the most common irregular 
isoagglutinms can be detected and identified in that way, and this 
may facilitate the selection of a suitable donor 

While the Rh factor has proved to be the mcbt common came of 
intragroup incompatibility, the writer has encountered occasional in 
stances with immune isoagglutinms anti Ai,’* anti O,'* anti M and 
anti P In some cases, the irregular isoagglutinms will not correspond 
to any of the well classified blood properties In rare instances, the 

*Forar''Me^\ of the literature cf Wiener and Peters Ann Int Med 13 2J06 
(19-tO) 

' Levine and Stetson Jour Amer iJed Assoc 113 126 (1939), ^\le^er and 

Peters loc at , \\iener Arch Pathol 32 227 (1941) 

“Wiener Jour Immunol 41 181 (1941) 
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(1941) 
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"Zacbo Ztschr / Rassenpkys$ol 8 1 (19J6) \eter Jour JmmunoJ 30 
25s (1936), Levine and Polayes Ann Int Med 14 1903 (1941) 
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selection of a perfectly compatible donor may be difficult as illustrated 
by a case recently reported by \\iener and Forer” The patient, uho 
belonged to group O, had had U%o previous transfusions of group 0 
blood both followed by severe hemolytic reactions Examination of 
her serum revealed the presence m it of two irregular I'oagglutinins, 
anti M and anti Rh and the patient was then transfused with blood 
from two compatible donors, selected because thej belonged to group 
O, type N, and were Rh negative like the patient Incidentally, less 
than 3 per cent of all group O donors belong to type N and are Rh 
negative, so that the blind selection of donors for this patient could 
have been a discouraging task It is of interest to note that the anti Rh 
agglutinin in the case just described was a warm agglutinin, while the 
anti M isoaggluUmn was a cold agglutinin 
The problem of selecting compatible donors is further complicated 
by the fact that intragroup incompatibility may exist even when in 
vitro reactions are not found This may occur if the technic of testing 
IS not sufficiently sensitive, or if the tests are earned out too soon 
(negative phase) or too long a time after the immunizing tranfusion 
and in certain cases in which the in vitro tests are continually negative 
despite an in vivo incompatibility, presumably due to antibodies pres 
ent in tissue cells Fortunately such instances are rare Here one’s only 
recourse may be some sort of biological test (cf page 71) For ex 
ample, where the patient is Rh negative an injection of about SO cc 
of Rh negative blood of the proper group can be tried — if after one 
to two hours no evidence of hemolysis is noted, more of the same blood 
can be transfused The author has followed this procedure with gratify 
mg results in a number of cases” 

It should be pointed out thnl in some cases of intragroup incompati 
bility the in vitro tests mav exhibit lysis instead of agglutination ** 
This IS a rare phenomenon and one is apt to overlook it unless one 
bears the possibility in mind (cf page 29) 

The procedures outlined above can be earned out without loo much 
difficulty provided that the blood transfusion is not urgently required 
They are not practicable, however, in obstetrical patients with post 
pafium 'nemorihage, premaVoTe seiraratiwri xA , iwl 

m these cases the danger of intragroup incompatibility is greatest 
especially if the patient has given birth to an erythroblistotic infant 
or had a stillbirth (cf page 369) However, as already mentioned 
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almost all of the intragroup reactions m these cases are due to the Rh 
factor, so that if Rh negative donors of the same group as the patient 
are available, any difficulty can usually be avoided If time permits, 
a direct matching should certainly be earned out in addition In dire 
emergencies, on the other hand, not only the matching but the group 
mg of the patient’s blood can be omitted, since the writer has found 
that group 0, Rh-negative individuals with weak isoagglutinins in 
their sera are satisfactory universal donors for pregnancy cases, and 
such donors are certainly safer than donors of the same group as the 
patient, but selected without regard to the Rh factor 

As indicated above, in male patients who have never had previous 
transfusions, intragroup hemolytic transfusion reactions have not been 
reported Accordingly, it is quite safe to transfuse such patients with 
blood of the same group without cross matching, and the author has 
followed this procedure m urgent cases For this reason the idea to 
group all recruits and inscribe their blood group on their identification 
discs that IS now being carried out bv the U S Army and Navy is a 
good one 

Not only must the donor’s blood be compatible with that of the re 
cipient, but it must also be of such quality as to be likely to benefit the 
patient Ihe health of the donor must be perfect Cases of transmission 
of syphilis, malaria, hypersensiuveness, measles, small pox, and other 
diseases from the donor to recipient have been reported Donors giving a 
history of malaria should not be used, since a number of cases are known 
where patients des eloped malaria following transfusion of blood from 
individuals who had had the disease many years previously, and 
were apparently cured ” Care must also be taken to protect the donor 
from the transmission of disease (particularly sepsis*®) from the 
patient By the use of the atrate method of transfusion in such cases, 
that possibihty is excluded 

Before donors were better controlled, the men who presented them 
selves as donors not infrequently had low hemoglobin content, even 
lower than the patient In a number of cases, the donor lent his identifi 
cation book to a friend, who took the call in his place' In New York 
City, this matter is now regulated by statute so that only licensed indi 
viduals may act as donors Every donor is supplied with a book con 
taming his picture and a record of bis last physical examination, the 
hemoglobin content of his blood, the result of the Wassermann test, 
and each transfusion for which he donated blood 

\\ )th people of Jimited means the cost of the blood is of considerable importance 
In the U S th'" cost varies between $5 and $10 per 100 c c of blood A number 
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of hospitals ha\e at their disposal lists of \olun(eers members of organizationj 
such as the American Legion police and lire departments The u«e of the radio 
or newspapers for obtaining volunleera has been resorted to m «ome instances 
Often friends or relatives of the patient ar«. used 

In London the British Red Cro«s oi^nized a volunteer blood transfusion sen 
ice in 1921 Donors on this service are forbidden to receive any remuneration and 
the identity of the patient is hept secret from them A similar blood transfusion 
service is operated b> the Red Cross in Rotterdam The donors are not pa d for 
their blood but are given a medal as a memento of their «enice (cf figure 21 ) 
The importance of these volunteer blood transfusion organizations is evident from 
the fact that thousands of transfusions are given everj >ear through their assistance 



Fic 21 MeoAt vvTTK a Picture or Lamdsteiner Given to Vollmeer Ulckd 
Donors b\ the Biood Tfa-vseusion Service or the Red Cross or Rotterdvsi 


It la fairly easy to control the quality of the blood transfu«ied when 
professtoml donors are used but when relatives or frienda of the pa 
tient are used in the haste incident to the transfusion the physical ex 
amination is apt to be pa5‘=ed over too lightly In fact most of the 
ca«es of transmission of syphilis can be triced to the use of these so 
called “family” donors Ho-wever now that there are simple rapid and 
reliable tests for syphilis like the Kline, Kahn, Mazzini tests etc at 
least that procedure should not be omitted before any transfusion ' 
Not mfrequently it is found, where ‘ family donors must be resorted 
io that Tione o5 the n o^vmteeTs betowgs to the same group as the pauewt 
In institutions where many transfusions are performed this difficulty 
can be overcome by following the plan suggested by the Cook County 
Hospital ” This plan works especially well for transfusions of citrated 
blood Citrated blood of all four groups is constantly kept on hand in 
the refrigerator \\henever a transfusion is to be giren, blood of the 
proper group is taken from the ‘ bank” and given to the patient In re 

”Rein Weias and Cuckerbaum Jour Amer iled Assoc 110 13 (193S) 

••Jour Amer ilcd Assoc 109 128 (1937) sM HI 317 (1933) 
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turn, a member of the family is expected to provide an equal amount of 
blood not necessarily of the same group to replace that received b> 
the patient This blood is subjected to a serological test, grouped, and 
stored for use m some future transfusion The advantages and disad 
vantages of this method are discussed later (cf page 136) To maintain 
the supply, blood has been drawn from patients who may be benefited 
by phlebotomy, such as patients with hypertension congestive heart 
disease and pol> cythemia vera WTiether or not this is permissible from 
the point of vie^ of the recipient is doubtful at least as regards the last 
named condition 

Usually the donation of blood by healthy individuals is not harmful 
to them If the donor is too old there is danger of insufficient blood re 
generation, but for the average healthy young man transfusions of 500 
c c of blood every four to six weeks mav be endured safely for a long 
time Certain plethoric individuals can give larger quantities and there 
has recently been a report of a donor who gave as much as 257 liters 
of blood during the years 1924 to 1936** During 1935 alone this par 
titular donor is said to have given the astonishing total of 98 blood 
transfusions, averaging 300 c c each Depending on the height and 
weight of a blood donor he should be able to withstand without un 
pleasant symptoms, the withdrawal of from 500 to 750 cc of blood 
As much as 1400 c c of blood has been taken from a single individual 
at one time but such a procedure is not recommended If m emergen 
cies more than 1000 c c of blood must be taken from a donor, he should 
be kept in a recumbent position for an hour before being permitted to 
leave the operating room 

For the sake of completeness it may be mentioned that some authors ha\e sug 
gested the use of the blood of individuals killed m accidents*® collected %Mthin 8 
hours of death However this procedure is not practicable except perhaps in time 
of war and at any rate the use of such blood is repugnant Also the collection and 
storage of umbilical cord and retroplacental blood for use in blood transfusions has 
been reported ** 

TRANSFUSIONS IN INFANTS 

As pointed out on page 25 the isoagglutinms of the mother filter 
through the placenta into the fetus circulation those isoagglutimns 
which are incompatible with the blood cells of the fetus being neutral 


" Pans Correspondent Jour Atner Ved Assoc 106 1507 (1936) For a report 
of a similar case see Valter Le Sang 7 768 (1933) 

"Judine La transjusion de sang de cadavre alkotime Pans (1933) Cf Kjulkolf 
and Krilova ic SoHg 9 692 (1935) 
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ev’er see Howkins and Brewer Lancet 1 132 (1939) 
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ized (probably by the group substances in the tissues and bod> fluids) 
and the compatible isoagglulinins persisting— their titer at birth being 
about one tenth the maternal titer Within the course of a few weeks 
the isoagglutinins present in the newborn infant disappear, and there 
follows an interval of 3 to 6 months during which there are no isoag 
glutimns in the baby’s plasma In addition while the agglutinogens are 
present in the blood cells at birth the agglutination reactions of the 
blood of the new born are weaker as a rule thin those of adults For 
these reasons Unger ^ asserted that for infants under six months of 
age any donor regardless of group is compntible He stated also 
that he had performed transfusions with random donors m such 
cases without untoward results and that it is therefore superfluous to 
group the infants blood 

Some observations by Jervell ' lend to support Unger s contentions 
since this investigator found that in infants transfused with incom 
patible blood the donor s cells survived for periods beyond six weeks 
(cf page 74) 

Generally however it is be»t to group infants as well as adults 
and to use only donors of the homologous group At birth as pointed 
out above the plasma of the infant may contain isoagglutinins of ma 
tcrnal origin so that the use of random donors might be dangerous 
In emergencies the mother could be used as the serum of new born 
infants contains no agglutinins capable of acting on the mother s cells 
On the other hand the indiscriminate use of maternal blood for 
newborn infants meets with the same objections as the random use 
of group 0 individuals as universal donors for adults and m addition 
maternal blood is specifically contraindicated in infants suffering from 
erythroblastosis foetalis (cf page 88) Finally while m infants re 
ceiving repeated transfusions there is less danger of isoimmunization 
than m adults because the capaaty to form antibodies is imperfectl> 
developed in infants on the other hand isoantibodies can be transferred 
passively from donor to patient For example an infant of group O 
receiving first a transfusion of group O blood then one of group A 
blood might in this way have a hemolytic reaction to the '•econd trans 
fusion 

Preliminary grouping and cross matching are also necessary when the 
transfusion is performed by the mtraperitoneal route’ This method 
of transfusion in infants has been recommended by various authors be 
cause of technical difficulties of the intravenous route m infants Since 
the blood is very rapidly absorbed from the peritoneal cavity into the 
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general circulation, this mode of administering blood may be considered 
as almost equivalent to a transfusion by the intravenous route, and 
consequentlj , the usual serological precautions should be taken 

TirE BIOLOGICAL TEST 

Oehlecker” has recommended a lest for compatibility of the bloods 
of a prospective donor and a patient, which serves as an additional pre 
cautionary measure 

Ten to 20 c c of the donor s blood are slowly injected into the recipi 
ent’s vein, and if after 10 to 20 minutes no reaction occur", then ac 
cording to Oehlecker, a larger quantity of the same blood will be tol 
erated If signs of incompatibility of the blood appear (cf page 119), 
honever, a different donor must be used ^or the transfusion Needless 
to say, the use of this method does not make unnecessary the prehmi 
nary serologica} examination and Oehlecker recommends his test only 
as a supplement to the usual methods of tiT^ing and cross matching of 
the bloods of donor and recipient ** When citrated blood is given, this 
test causes no inconv emence The procedure recommended by Oehlecker 
howev er, is not entirely reliable because some patients who failed to react 
to the test dose bad severe or even fatal reactions when the balance 
of the blood was transfused 

For special cases namely, patients receiving repeated transfusions 
postpartum cases and patients whose sera contain strong autoagglutimns 
the present author”* has devised a new biological test which has proved 
useful for the prev ention of intragroup hemolytic reactions 

One hundred cc. of the pro<pecti\e donors blood are mixed with 10 cc of 
S 8 per cent dihjdnc «od urn citrale «olution 10 cc- of blood are drawn from the 
patient and di\ndcd between two tubes one empt> and the other containing I cc 
of the cilrafe <ofution Through the same needle 50 cc of the donors btood are 
injected by sjTinge After one hour 10 cc of blood are again drawn from the 
patient and treated m the same wa> as the pretransfusion sample The citrated 
blood samples are centrifuged at once and the color of the pJasnu in the two tubes 
compared The serums from the clotted Wood samples are later separated after 
lie i’pod has cJofltd firxn]^ this vrving as a chert nn lie ce<iiJts of lie tests with 
ihe citrated blood «arnplcs The pjjpose of Ihe duplicate te^t is to avoid the occur 
rence of an artefact due to traumatization of the red blood cells particularly when 
‘eparating the clot from the wall of the tube Natural!) care must be taken that the 
needles and svnnges u»ed for the test are perfect!) dry 

If there la no change tn the appearance of the patient s pb'iua and the need for 
blood Is urgent one can then proceed with the transfusion of larger amounts of b ood 
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from the same donor W hen lime pennifs ho«e\er li is preferable to uiject another 
test dose of 50 cc of the donor s blood and to draw a third sample of blood after an 
additional hour In this way more reliable remits can be obtained and the reaction m 
positive cases is more strikmg A further ccfiticment of the test though this is not 
essential is to «elect a donor who differs from the patient with respect to the M \ 
t>pe After 100 cc of the donors blood base been injected in the manner outlined 
above it should be possible to demon«trale the mrvaval of the donors cells b> 
the method of differential agglutination where the biological test is negative in 
patients having a red cell count of 2 3 million or less as has been pointed out by 
\\iener^’ (cf page 73) 

A B C 



Fio 2lA Biological Test TOR iMRAcaovp IvcoiiPATiBiLm 
\ Appearance of patient s serum before test B Pabent s serum one hour after 
injection of Rh negative blood C Patients scrum one hour after the injection of 
Rh positive blood 

In positive reactions one hour after the test injection of 50 cc of blood the 
patient may have a «evere chill and rise in temperature but the clinical sympioiiis 
may be quite mild and occasionally th"y may be entirely absent Therefore more 
reliance u to be placed on the appearance of the patient s plasma which will show 
a distinct rise m the icteric index as compared to the pre transfusion sample Inas 
much as the ri«e m ictenc index from the hemofysis of on^ SC cc. of blood is 
relatively small the final figure may still be within normal limits even though 
It IS twice as high as the pre transfusion value 

The donor s blood used for the biological test should be fresh if only bank blood 
la available no sample more than 3 days old should be used The reason for this 
IS that blood stored for penods longer than 7 to 10 davs cv’en though apparently 
intact when transfused often breaks down rapidly in the pxitient s circulation In this 
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W3> a positive bioJogical reaction zni^ht be obtained even vvith «erofogically com 
patible blood 

The appearance of a patient’s serum following a negative and a 
positive biological test is illustrated m figure 21a The patient in ques 
lion had had hemolytic reactions following transfusions of apparently 
compatible blood These reactions were explained when the patient was 
found to be Rh negative and her «serum to contain anti Rh agglutinins 
(cf page 117) The biological test furnished additional evidence that 
the hemolytic reactions were caused by the Rh factor 

DURATION OF LIFE OF THE TRANSFUSED BLOOD CORPUSCLE 

It was believed, until very recently, that the life of the red blood cor 
puscle was less than 30 days This belief was based upon estimates of 
the amount of bilirubin excreted daily 

By transfusion of the blood of a donor of a different group from that 
of the recipient, it is possible to trace the fate of the transfused red cell 
in the recipient’s circulation, and thus obtain direct evidence as to the 
life of the red blood corpuscle *’ If, for example, an individual of group 
A IS given group 0 blood, the number of inaggluUnable cells may be 
counted after the transfusion by the ordinary technic of performing a 
red blood count, by using a potent anti A serum instead of the usual 
diluting fluid From this count must be subtracted the normal count of 
magglutinable cells, which has been found to av erage sO 000 per cu mm 
It would be more accurate, however, when such experiments are per 
formed, to make a count of magglutinable cells before the transfusion 
as a control As long as the count of magglutinable cells exceeds the 
normal count for the patient, the presence of transfused corpuscles in 
the patient’s circulation is assumed 

VV’ith this technic, which may be designated as the method of dif 
ferential agglutination, Ashby*’ reported the finding of transfused 
blood cells m the circulation for periods up to one hundred days Using 
Ashby’s method, VV^earn, Warren, and Ames*’ demonstrated that trans- 
fused red blood cells remam m cnrm^dtian Air penoct of from 59 to 113 
days, the average being 83 days 

If incompatible blood is transfused, it remains in the circulation, as 
a rule, only for a short time ** Therefore, even though the transfusion 

**C/ Plehn Berl him Woch p 1862 (1914) Wildegans Arch ilirt Chtr 139 
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IS tolerated, the transfusion of incompatible blood is at best of only 
transient benefit because of the rapid destruction of the transfused 
blood However, Jervell'* demonstrated transfused incompatible cells 
in an infant with melena neonatorum for more than sit weeks after 
the transfusion This may find its explanation in that the agglutinins 
of the infant probably were not fully developed (cf page 70) In a 



Fic 22 AcctrTivATiON Tests on the ISlooo of a Patient Uiro Had Bees 
Transfcsed with Blood or a Diffepent Gpoup 
Showing the reaclion obtained when the red blood cell «ospen«ion of a group 
0 infant who had recci\ed group AB blood was tested with anti A «crum 2 weeks 
after the transfusion (cf hg 1 and fig 2) 

case observed by the author, group AB blood was accidentally trans- 
fused into a group 0 infant six weeks of age No reaction occurred, 
and the patient was followed up for SO days, after which time he died 
of bronchopneumonia Even the day before the patient died, mixtures 
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of the cell suspension with either group A or group B «erum still 
presented small clumps of cells on a background of unagglutmated 
cells (cf fig 22) 

Ashby’s method has the limitation that the end point, namely, the 
exact time when all the donor’s blood has been eliminated from the 
patient’s circulation, cannot be determined precisely, because, as has 
already been mentioned, there is a certain number of inagglutinable 
cells m normal blood The number of inagglutinable cells found vanes 
^\lth the potency of the antiserum used, and with the blood group, 
being higher for example, in subgroup A* than in subgroup A,, par 
ticularly m newborn infants where the method may prove entirely 
unreliable Moreover, Ashby s method cannot be used where trans 
fusions of blood of the same group as the patient are given These 
difficulties are overcome by testing for the agglutinogens M and N, 
provided that the bloods of patient and donor differ with respect to 
these properties Another advantage of the latter method is that in 
the proper combinations the results are more striking, since, for 
example, if OMN blood is transfused to an OX patient, m tests made 
with anti M serum on the patient’s blood after the transfusion only the 
donor’s cells are agglutinated Moreover, even m combinations such 
as ON to OMN (m which the unagglutmated cells in tests with anti M 
serum are the donor’s) the transfused cells can be traced more reliably 
than 0 cells m an A individual, even in newborn infants, because very 
few cells 0 ^ type M and type MN blood remain unagglutmated mth 
anti M serum in infants as well as adults 
The properties M and N were first used for tracing the fate of 
transfused blood cells by Landsleiner, Levine and Janes,*® who were 
able to detect the presence of donor’s blood in a patient’s circulation as 
long as 14 weeks after the transfusion Using this technic, Wiener,** 
Martinet*' and Dekkers*® were able to confirm Ashby’s estimates of the 
maximum survival time of the transfused cells as 3 to 4 months By 
applying the method in a «;imiJar manner to intrapentoneal transfu 
sions m infants, Clausen*’ found that donor’s blood could be detected 
in the circulation within a few minutes, but he estimated that its absorp 
tion from the peritoneal cavity was not completed for periods up to 5 
days The method has been applied by the author to a comparative 
study of the survival time of transfused fresh and stored blood'* (cf 
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page 137) and for the diagnosis of intragroup heniol>tic reactions (cf 
page 124) It can also be used for estimating the circulating blood 
\olume 

'\jth Ihe aid of ^elected absorbed B sera that give almost coropkte atrelutmalion 
with A blood the author has applied the subgroup differences for tracing the fate 
of the transfused blood cells in the combinattons As=s\» and fTbe 

results with combination AjB— *AB are not reliable because of the large number 
of unagglutinated ceils when A B blood is tested with ab'=orbed B ‘erum ) The author 
has aUo used '‘uccessIuBj anltRh seta for following up transfusions of Rh negative 
blood to Rh positive patients and vice versa 

More than one transfusion can be followed sunullaneously in the same patient 
the maximum theoretical number with the means at our disposal being five For 
example if a patient of t>pe A»MN is given 4 successive transfusions of bood of 
tj-pes (1) 4 MN (2) OMN (3) At^f and (4) AtN then the results of these 
transfusions can be studied and compared with the aid of sera (li absorbed B 
(2) anti A (3) anti \ and (4) anti M respectively This technic has been u«ed 
lo compare the survisal time m the latne patients circulation of blood stored for 
different periods of lime tn tr/ro*® 

In contrast to the life of the erythrocyte, that of the polyraorphonu 
clear leucocyte js said to be ver> short, only 3 to 5 days “ Very IitUe 
IS Isnown of the fate of the transfus^ platelets, counts m tJirom 
bopenic patients indicate that transfused platelets last onl} 3 to 5 da>s 
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CHAPTER VI 


INDICATIONS FOR AND RESULTS OF 
TRANSFUSION 

The more important indications for blood transfusion are based on the 
following two major effects of the procedure (1) the volume of 
circulating blood is increased, and (2) an immediately available sup 
ply of oxygen carrying erythrocytes is provided By blood transfusion, 
the patient also receives substances essential for coagulation and the 
procedure is of value where this function is disturbed In addition, 
transfusion supplies serum proteins, leucocytes, platelets and anti- 
bodies The content of the other substances such as hormones, vita 
mins, etc , is probably too small in general to produce any significant 
effects, although beneficial results have been reported from transfu- 
sions in deficiency diseases 

The conditions in which blood transfusions are employed can be 
classified as follows 

1 Hemorrhage 
A Traumatic 

B Secondary to local disease 
C Secondary to surgical operations 

2 Traumaticshock 

3 Preparatory to operation 

4 Hemorrhagic diseases 

5 Various blood diseases 

6 Certain poisonings 

7 Infectious diseases 

8 Miscellaneous conditions 

Hemorrhage If more than one-third of the blood is lost in an acute 
hemorrhage, death usually results unless the blood is immediately re 
placed In slower hemorrhages, on the other hand, a loss of two thirds 
of the total i,oIume of blood may be withstood 

The most spectacular results from blood transfusion are obtained 
m cases of hemorrhage, which was strikingly illustrated by the saving 
of many lives during M'orld War I At Jorda’s institute in Barcelona 
during the recent civil war in Spain, as many as 10 per cent of the 
casualties are said to have been saved by transfusion’ In cml life, 
most emergencies are provided by automobile accidents or cases of 
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attempted homicide Por example, in a recent analysis* of 292 cases 
of gunshot wounds of the abdomen, hemorrhage was found to be the 
most important single factor in mortality, and a significant reduction 
in the mortality rate was observed among patients receiving blood 
transfusions 

In the sudden profound hemorrhages that occur in peptic ulcer 
typhoid fever, and pulmonary tuberculosis, blood transfusion has been 
a life saving procedure Cases of ulcerative colitis are also benefited by 
this irealment There is no justification for the statement frequently 
made that transfusions should not be given in bleeding peptic ulcer lest 
they raise the blood pressure and thus induce more hemorrhage This 
assumption is not supported by actual ob«ervation Incidentally, in 
patients with normal blood pressure, the rapid transfusion of 500 c c 
of blood (within 5 to 10 minutes) by the syringe valve method has 
been found by the author to cause a rise in blood pressure of onl) 
10 mm , while slower transfusions bv the citrate-gravity method have 
no noticeable effect With the almost universal adoption of the citrate 
method, the theoretical objection to transfusions even of large amounts 
of blood to patients with bleeding peptic ulcer has been removed and 
Marriott and Kekwick’ have obtained excellent results with continuous 
drip transfusions m such cases To wait for bleeding from peptic ulcers 
to stop spontaneously where the hemoglobin is dropping rapidly is to 
invite the onset of shock from which the patient may not recover On 
the other hand, because of its coagulative action, transfusion is the 
most effective means of bringing about the cessation of the hemorrhage 
barring actual ligation ‘ It is usuall> necessary to repeat the trans 
fusion several times, especially in older patients with sclerotic vessels 
^^^lere bleeding continues despite transfusion, blood transfusion may 
nevertheless be essential smce it can make surgical treatment feasible * 
In obstetrical emergencies, blood transfusion has been of incalculable 
value Various authors have reported successful results in postpartum 
hemorrhage, placenta previa, premature separation of the placenta 
ruptured uterus, and ectopic gestation The writer has often had the 
opporlumty to observe the dramatic effect of blood transfusion m such 
instances 

In ectopic gestation, the blood that is recovered from the peritoneal 
cavity has been used for transfusion* Since such “autotransfusions 
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are definitely more dangerous than the usual transfusion of fresh blood* 
they should only be employed m emergenaes ^i^hen a compatible donor 
IS not available The usual procedure is to collect the blood in citrate 
solution, and to inject the blood after filtering it through sterile gauze 
to remove all clots Blood that is too old should not be used because 
of possible infection, or toxicity due to chemical changes In addition 
to Its use in ectopic gestation, autotransfusions have been employed in 
other instances such as hysterectomy, splenectomy, and m cases of 
hemothorax and ruptured liver * 

In cases of less profound and more prolonged or recurrent hemor 
rhage, the same general remarks apply as for acute hemorrhage In 
secondary anemia resulting from chronic blood loss, as m menorrhagia, 
hemorrhoids, ulcerative colitis, epistaxis occurring particularly in 
hereditary telangiectasia, etc , transfusion will occasionally be required , 
often such patients respond well to diet and administration of ade 
quate amounts of iron after cessation of bleeding In hospital cases it 
may deserve consideration that the period of convalescence can be ma 
tenally shortened by giving transfusions m place of medication 

Duringhemorrhage, at first, the blood pressure is sustained at a normal 
or even elevated level by widespread peripheral vaso constriction 
The maintenance of the normal blood pressure is aided by diffusion of 
fluids from the tissues into the capillaries Finally, there is a failure 
of the vaso constrictor system,* the blood pressure drops and the pulse 
becomes feeble and rapid \\Tien the systolic blood pressure falls below 
a certain minimum point, a state of shock ensues Since, as Cutting* 
points out, “it IS generally true that the patient will not ordinarily sur 
vive depression of the systolic blood pressure below 80 mm of mercury 
or of the diastolic below 40 mm for longer than one hour,” this is an 
indication for immediate blood transfusion 

In treating shock caused by loss of blood, speed m replacing the 
blood is of prime importance In animal experiments Magladery, 
Solandt and Best’® found that replacement of 40 per cent of the 
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blood lost nas sufficient to bring about recovery but where treatment 
was delayed the animals failed to rally even after transfusions of 
quantities of blood greater than the amount lost Riddell ' considers 
shock due to hemorrhage the only indication for what he terms old 
fashioned rapid blood transfusion ’ (m contrast to the popular citrate 
method) and preferably after the bleeding \essel has been ligated The 
ideal procedure IS first to transfuse 500 to lOOOcc by a syringe vaUe 
method and then to follow this by additional transfusions by the 
citrate gravity method as indicated A\here necessary there should 
be no hesitancy in transfusing as much as two liters or even more 
of blood In a case recently transfused by the author the axillary 
artery was injured during surgical removal of a lipoma from the axilla 
Before bleeding could be controlled about ISOO c c of blood had to be 
injected and the patient recened a total of 2800 cc of blood during 
the three hours he remained in the operating room Recovery was com 
plete and uneventful 

Since satisfactory results in hemorrhage before shock sets in are 
obtained m 8S per cent of the cases whereas once shock 'els in the 
number of recoveries drops to 40 per cent ’* substantial hemorrhages 
should be treated as soon as they occur Stetson * points out that too 
often the clinician postpones requesting blood transfusion in the hope 
that shock will not ensue As he states it is better to transfu'e several 
cases that might recover without transfu'ion than to lose one by wait 
mg too long Likewise MacFee and Baldridge * feel that prevention of 
shock IS much more effective than skillful treatment after shock has 
been established as it is easier to maintain fluid balance than to re 
store it 

In conclusion some remarks regarding the value of blood substi 
tutes in particular plasma or serum in the treatment of hemorrhage 
are in place It is generally accepted that the mam danger m hemor 
rhage is the reduction in the patients total blood volume which may 
lead to shock while the loss of erythrocytes is of less importance By 
restoring the blood volume m hemorrhage plasma or serum by virtue 
of its protein content is of great value m preventing and combatting 
shock (cf page 150) and produces more lasting results than saline or 
glucose solutions For this reason plasma transfusions are olinestimaVie 
value for the treatment of acute blood loss wherever whole blood is not 
readily available especially under conditions of war If blood can be 
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procured without delay then it is obviously preferable because m that 
way also the lost erythrocytes can be replaced According to some au 
thors,’® ^here the blood loss is \ery extensive, plasma appears not to be 
quite as well tolerated as whole blood It has also been asserted that 
after plasma transfusions have been given, subsequent whole blood trans 
fusions may help expedite convalescence 

Shock ** ^\’illle the exact mechanism leading to the clinical picture of 
shock IS not completely understood it is agreed that the most important 
factor is a disproportion between the volume of circulating blood and 
the capacity of the vascular bed Four types of shock are described 
by Harkins (1) the hematogenic type, in which there is a loss of 
fluid from the blood vessels, eg, blood in cases of hemorrhage as 
outlined above, or plasma in patients with severe burns and m traumatic 
shock, or water and electrolytes in cases of dehydration as in cholera 

(2) the neurogenic type, as in fainting or follownng spinal anesthesia, 

(3) the toxicogemc or vasogenic type m histamine shock and in in 
fections such as peritonitis, and (4) the cardiogenic type, where in 
contrast to the first three types with peripheral circulatory failure, the 
blood vessels are congested An example of this type is the so called 
“speed shock” sometimes observed after too rapid transfusions of 
blood 

Here we are primarily concerned with the use of transfusions of 
whole blood and blood substitutes in the treatment of the hematogenic 
type of shock Shock may occur not only after hemorrhage but also 
after severe crushing injuries or excessive handling of viscera during 
operations, even though there is little or no visible hemorrhage This 
form of shock (traumatic shock) has been attnbuted to injurious prod 
ucts of tissue autolysis which are said to affect the circulation m a man 
ner similar to histamine, cau'^ing increased permeability and dilatation 
of the capillaries Harkins believes that the transudation of plasma at 
the site of the injury is the chief factor Whatever the precise mechan 
ism, there is a definite evidence of loss of blood plasma from the 
vascular system as indicated by an increase m the hematocrit index 
As already mentioned where trauma is associated with hemorrhage, as 
IS usually the case, blood transfusion is the treatment of choice In 
traumatic shock with little or no hemorrhage plasma (or serum) 
should be as good as or even superior to whole blood, but reliable evi 
dence on this point is still lacking Saline and glucose infusions are 
believed to be useless as these fluids quickly pass through the capillary 
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walls and when large quantities are injected pulmonary edema may 
result Solutions containing gum acada, while superior to glucose or 
saline, should only be used when plasma or blood are not available, as 
serious reactions have been observed in a few cases.” 

In severe burns, shock is said to be the most frequent cause of 
death and to be due mainly to the loss of plasma from the burned tis- 
sues According to Trusler, Egbert and Willjams,” if the patient can be 
tided over the first 24 to 48 hours to allow the damaged capillaries to 
recover from the injury, the chance of recover^' is greatly increased 
Robertson'* has reported good results from the treatment of severe 
burns in children wdth blood transfusions, Trusler, Egbert and Wil- 
liams have had good results from the use of plasma in (he treatment 
of burn shock and point out that plasma has the advantage over whole 
blood that it does not produce a polycythemia Some workers have 
advocated the use of exsanguination transfusions.” To prevent dehy- 
dration, the judicious administration of fluids by mouth and by vein 
is indicated, care being taken not to inject excessive amounts lest 
edema result. 

In conclusion, mention should be made of the unjustified wammf not to 
transfuse paUents in shock because of (he dancer of overloading the circulation 
When the patient is in shock, (he pulse is rapid and feeble and the blood pressure 
low, and this may create a false impression that the heart is in a slate of partial 
failure Moreover, even if the patient actually has organic heart di<eave, in which 
case rapid intravenous injections might be ^ngerous, m (he author’s opinion it 
IS still possible to perform a blood lran<fusion safely by the drip method (cf page 
100) unless signs of decompensation are present By this method of transfusion 
which was hrst described by Marriott and Kekwicl** the rate at which the blood 
IS introduced into the patient's vein can be reduced to only 2 to 3 cc per minute 
so that when it becomes necessary, large quantities of blood can be administered 
without any danger of embarrassing the patient’s circulator) sjslem 

Preparatory to Operation. The use of blood transfusion before opera- 
tion, in order to prevent shock, and to anticipate hemorrhage which may 
occur, has acquired an important and permanent place in surgery Such 
transfusions are advisable in patients with low red blood cell counts, 
especially when spinal anesthesia is used, because this method of anes- 
thesia tends to lower the blood pressure On account of the coagulalive 
action already mentioned, blood transfusions are of particular value for 
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the preparation of individuals with jaundice or hemorrhagic diseases for 
operatue procedures Leisisohnwntes, ‘ If both operation and transfu 
Sion be done, transfusion should preferably be done first, nhether the 
patient be activ ely bleeding or not The shock of the operation will be pre- 
vented, and a poor surgical risk is converted into a good one ” 

At the Jewish Hospital of Brooklyn before every bratn operation and before 
other operations in which much bleeding is anticipated the patient is grouped and 
one or more compatible donors are obtained An intravenous infusion of phjsio 
logical saline solution is started before the operation and allowed to run during tbe 
operation As needed blood is drawn from one or more of the donors and poured 
into the infusion flask In order to prevent clotting in the needle saline is allowed 
to run slowly into the vein during the inteivaL when blood is not required At times 
no Idood at all is needed but when it is blood can be administered promptb and in 
tbe opinion of the surgeons this arrangement has been effective in producing a 
substantial lowenng of tbe optative mortahtj 

Hemorrhagic Diseases Blood transfusion is used in hemorrhagic dis 
eases It has been shown that this form of therapy markedly decreases 
the coagulation time m hemophilia,” so that it is a specific, although 
only a temporary remedy for this condition Blood transfusion may be 
a life sav mg measure in hemorrhages occurring m hemophilia It ap 
parently makes little difference whether titrated or unmodified blood is 
transfused * Since 100 c c of blood is sufficient to produce a hemostatic 
eftect, preoperalive blood transfusion may make surgical procedures 
possible which would otherwise be inadvisable A hemophiliac should 
therefore know his owr blood group so that compatible donors can 
quickly be obtained 

In cases of jaundice, blood transfusion is a valuable aid m the pre- 
operative preparation of the patient, and also m the treatment of post 
operative hemorrhages that occur in this condition The beneficial ef 
feet of blood transfusion in jaundice is only transient, and after three 
or four days the bleeding may recur Therefore repeated small trans 
fusions are preferable to one large transfusion 

Recently it has been found that the hemorrhagic tendency in ob 
structive jaundice is due to prothrombin deficiency,** and in the pre 
operative preparation of jauncficetf patient's fransi'usions are now- 
replaced or supplemented by therapy with vitamin K 

Variable results have been obtained from blood transfusion in the 
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treatment of purpura hemorrhagica ** The number of platelets is at times 
restored to normal for several days following the transfusion, thus per- 
mitting normal hemostasis ** Jagic*^ believes that transfusion also has 
a stimulating effect on the megakaryocytes in the bone-marrow with a 
consequent increase in the number of platelets Since the coagulation 
time is normal in purpura, transfusion is not as beneficial as in hemo- 
philia and jaundice. Engel” maintains that the erythrocytes play the 
important part by tiding the patient over until thrombopoiesis begins 
Because splenectomy is a dangerous operation which is not always 
beneficial in the primary type of purpura hemorrhagica, Krasso’s rec- 
ommendation to try blood transfusion first is a reasonable one In the 
secondary purpuras, it is of course important to find the cause and 
treat it 

In hemorrhagic disease of the newborn, blood transfusion has often 
proved to be a life-saving measure ** The beneficial effects of the trans- 
fusion depend on its hemostatic action as well as the replacement of 
blood Recent investigations have revealed that during the first week 
of life a drop occurs m the prothrombin concentration in the blood 
even in normal infants, but when the prothrombin level falls too 
low, bleeding results In infants with hemorrhagic disease Injections 
of vitamin K are more effective in restoring the normal prothrombin 
concentration and bringing about hemosta»is than injections of un- 
typed blood by the intramuscular route, as formerly advised Blood 
transfusion still plays an important role, however, particularly In cases 
where there has been much bleeding 

Various Blood Diseases Beneficial effects following transfusion have 
been obtained in many blood dyscrasias 

In pernicious anemia, blood transfusion was prewously the sole 
method of treatment, and in 1926 Yates and Thalhimer*” reported a 
case in which a certain patient had received 115 transfusions over 
a period of three years Since the introduction of liver m the treat- 
ment of this disease, blood transfusion has lost much of its value but 
is still used as an adjuvant, particularly during e-vacerbations In- 
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cidentally, the impression that blood transfusion has a stimulating 
effect on the bone marrow may have arisen from observations in per 
nicious anemia, where transfusions have brought about temporary 
remissions However, such stimulating effects on the bone marrow 
hardly occur in other anemias 

In the acute anemia described by Lederer,** which he believes 
IS of infectious origin, blood transfusion therapy is said to be specific 
In the disease formerly knon n as the hemolytic anemia of pregnancj , 
but renamed the macrocytic anemia of pregnancy because it ha= prov ed 
to be related to pernicious anemia, blood transfusions mav be required 
for patients whose response to liver therapy is inadequate or slow 
Riddell” states that no patient should be p-^rmitted to go into labor 
with a hemoglobin less than 40 per cent If the child is to be delivered 
by Caesarean operation, Riddell advises that a transfusion be given 
three days before the delivery and another after the operation 
In aplastic anemia following pernicious anemia, or as a result of 
benzol poisoning or excessive roentgen ray therapy, amelioration may 
result from blood transfusion Polayes and Lederer** reported a case 
of aplastic anemia after x ray treatment and radium therapy for 
mediastinal malignancy in a man 64 years of age, in whom life was 
prolonged for three years by 43 blood transfusions In Hur«t’« case’ 
the patient received 290 transfusions and was able to lead an active 
life for 9 years after the onset of the disease In aplastic anemia, either 
idiopathic or due to poisons such as benzene, the prognosis should not 
be considered hopeless, especially since the marrow may resume its 
normal blood forming function after the patient has been carried 
along for a time with the aid of blood transfusions” For example, 
Boon*’ has reported a case of aplastic anemia with recovery after 25 
transfusions totalling 12,540 cc of blood 
Other cases of anemia occurring m the cour'^e of chronic debilitating 
diseases, which do not respond to treatment with liver and iron may 
also supply occasion for transfusion therapy 

On the other hand, the results of blood transfusions m leukemia have 
been very unsatisfactory In early cases there may be a temporary 
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beneficial effect, which can be traced to impro\einent in the anemia 
However, in severe acute leukemia blood destruction continues de'^pite 
blood transfusion, and in fact, m some instances, transfusion has given 
rise to severe reactions, hastening the pitient’s death Probably for this 
reason Jagic** and others consider leukemia a contra indication to 
blood transfusion 

Transfusion has proved to be of little value in Hodgkin’s disease" 
Bock*" states that the anemia of Hodgkin's disease is not an indication 
for transfusion, since the presence of anemn is evidence of a terminal 
state However, in early cases which are receiving radio therapy sup 
portive transfusions to compensate for the destructive action of x rays 
on the bone marrow may permit more intensive treatment, and prolong 
the life of the patient 

In hemolytic icterus, while splenectomy is the treatment of choice 
when the disease is associated with severe anemia the danger of the 
operation is diminished by transfusion According to Dawson “ m this 
disease severe transfusion reactions can occasionally occur even with 
perfectly matched blood ‘ Riddell asserts, however, that the incidence 
of reactions m this disease is no higher than in any other anemia and 
the reactions observed may be due m part to isoimmunization”" and 
so might be avoided by the selection of appropriate donors (cf page 
117 ) 

In agranulocytosis, transfusion is said to be of little or no value ” ” 
These poor results are easy to understand m view of the brief life 
of the leucocyte Strumia” has proposed the transfusion of leucoc>te 
cream, obtained by removing the while cell layer in sedimented bank 
blood, and other writers have suggested inducing a leucocjlosis m 
the donors used for the transfusions The suggestion to use leukemic 
blood” for the transfusion to patients with agranulocytosis requires no 
comment 

Good results have been obtained in the anemias of infancj and child 
hood Since relatively small quantities of blood produce the «:ame effect 
m children as much larger doses in adults, adequate treatment is more 
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Jjkely to be given Frequently, therefore, striking results have been 
obtained In one case reported by Knauer,** for example, a child with 
18 per cent hemoglobin and a red count of 980,000 per cu mm was 
rapidly revived by blood transfusion Complete cure was effected when 
it was discovered that the patient was suffering from dibothnocephalus 
latus infestation Transfusion is rarely indicated in nutritional anemia 
and proper diet and iron therapy usually suffice 

Patients suffering from von Jaksch’s anemia recover, as a rule, when 
treated by transfusion, and tempiorary beneficial results have been ob 
tamed m Banti s disease In a recently reported case of Winckel s dis 
ease, the patient recovered when treated with repeated blood transfu 
sions 

Varying results have been reported in the treatment of sickle cell 
anemia with transfusions Such a case recently seen by the writer is 
of interest ' The patient, a female, white Sicilian child, had received 
transfusions of a total of more than 1000 cc of apparently compatible 
blood (more than her blood volume) yet her hemoglobin dropped 
from SO to 27 per cent Because of her desperate clinical condition as 
a result of hemolysis splenectomy was considered However despite 
the absence of detectable irregular isoanlibodies in the patient’s serum 
(he possibility of isoimmunization was considered (cf page 117), 
especially since the patient had had reactions following the transfusions 
Accordingly, transfusions totalling 400 cc of blood from two Rh 
negative donors were given, and these resulted in a prompt and lasting 
rise m hemoglobin to 70 per cent, as well as recovery from the clinical 
symptoms The observations m this and other cases suggest that the 
erratic results reported in this disease and other blood diseases such 
as hemolytic icterus and pernicious anemia,” where repeated blood 
transfusions are required, may sometimes be caused by isoimmumza 
tion 

In erythroblastosis foetalis (icterus gravis neonatorum, fetal hy 
drops and anemia hemolylica neonatorum), hemolysis of the infant’s 
blood cells results from the action of isoantibodies derived from the 
mother by filtration through the placenta (cf page 369) In some 
infants the disease is so severe that death occurs before treatment can 
be instituted, or the infant may even be stillborn If treatment can be 
instituted m time and the infant is tided over by blood transfusion 
until the maternal isoantibodies have been eliminated from its circula 
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tion, complete reco\ery may result Maternal blood mil'll not be in 
jected into the infant by any route as it contains the harmful iso 
antibodies, and, in addition, it seems reasonable to suspect that nursing 
may be harmful as antibodies can also be transmitted through the 
milk, especially the colostrum For transfusion blood sensitive to the 
isoantibodies, especially the father’s blood should be avoided Since 
as Levine has shown,” the great majority of the cases of erythro 
blastosis are due to the action of anti Rh isoantibodies Rh negative 
blood of the same group as the infant is the most suitable choice as 
a rule 

Aci/^e Poisoning In cases of poisoning in which the erythrocytes have 
been damaged so that they can no longer function as oxygen carriers 
blood transfusion is useful Carbon monoxide poisoning has been sue 
cessfully treated by exsanguination transfusion Hindse Nielsen ‘ re 
ports recovery, follownng an exsanguination transfusion performed on 
an apparently hopeless case of nitrobenzene poisoning m a girl of 19 
years The nitrobenzene acted by changing the hemoglobin to methemo 
globin and the blood transfusion saved the patient’s life by supplying 
fresh erythrocytes The present writer has recently seen a patient with 
severe hemolytic anemia which had developed during the treatment of 
acne with n gold compound After reoealed blood transfusion complete 
recovery ensued The hemolytic anemia which develops, at times during 
therapy with sulfanilamide or sulfapyridine al«o responds well to blood 
transfusions 

htjecltous Diseases With respect to the effects of transfusions in nifec 
tious diseases, opinions are divided Many authors have failed to note 
any beneficial effect, whereas others have observed good results not 
entirel> due, in their opinion, to the improvement of an accompanying 
anemia Favorable results have been reported for example in puerperal 
‘Sepsis,’* pneumonia,” empyema, sinus thrombosis undulant fever 
etc Recently Lantin and Guerrero”, noted a marked reduction (47 to 
24 per cent) in the mortality in severe cases of tjphoid fever by treat 
ment with exsanguination transfusion, and Seckel ' considers trans 
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fusion a valuable therapeutic measure auxiliary to serotherapy in 
malignant diphtheria 

When using transfusion therapy in infections, the main purpose is 
to transfuse antibacterial agents such as leucocytes, natural antibodies, 
complement etc , from donor to patient Attempts are sometimes made, 
however, to increase this bactericidal power of the donor’s blood by 
inducing a leucocytosis MacLean*® injects 2 3 cc of nuclein (10 per 
cent nucleic acid) intramuscularly into the donor and draws the blood 
after 2 hours, while Crocker, Valentine and Brody*‘ have reported 
good results with blood from donors injected intravenously mth typhoid 
vaccine several hours before the transfusion 

Transfusion therapy has also been applied as a means of transfer 
ring specific immunity In such so called “immunotransfusions,” blood 
from artificially immunized donors or from persons recovered from the 
disease in question is employed This would seem to be a rational pro 
cedure from a theoretical point of view In the hands of some, immuno 
transfusion has yielded encouraging results in the treatment of acute 
and chronic sepsis,** m acute septic scarlet fever,** severe cases of 
measles ** dysentery,*’ undulant fever,** etc In subacute bacterial 
endocarditis, on the other hand, the method has been of no avail even 
when donors actively immunized against bacteria isolated from the 
patient’s own blood stream were used *’ 

Lyons** has recently reported favorable results m severe infections 
with hemolytic streptococci Normal donors were ^elected who were 
found by appropriate tests (opsonic index) to have a relatively high 
titer of antibodies for the particular strain of streptococcus causing the 
infection According to this author, m this way passive immunity can 
be conferred, sufficient to abort the infection within a few hours 

Related to the subject under discussion is the use of serum from 
human beings (convalescent or after recovery) instead of immune am 
mal sera in a number of infectious diseases, such as measles and scarlet 
fever 
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Ramos and Monies** have repotted the successful Irealment of puerperal sepsis 
by transfusion of curated blood to svhich arsphcnamme was added after failure of 
therapy with sulfanilamide and immuno-lransfusion Mith regard to the treatment 
of infections by autotransfusions of patients blood after irradiation in Mtro with 
ultravnolet light the claims made Mdey™ seem extravagant to the author 

In conclusion it may be mentioned that the indications for immuno 
transfusions appear to have been reduced by the introduction of sul 
fonamide drugs in the therapy of infections In the occasional cases of 
hemoly'vis produced by these drugs, transfusions may be required 
Mtscellaneotts Conditions It would lead us too far afield to make a com 
plete list of all the conditions m which blood transfusions have been 
applied, embracing such divergent conditions as epidemic encephalitis 
generalized dermatitis (particularly, arsphenamine dermatitis)” 
bronchial asthma, influenza eclampsia, etc 
Favorable effects ha\e been noted m premature infants with anemia 
and in nutritional disorders of infants (athrepsia and coeliac disease) 
In infants suffering from anhydremia with intoxication, transfusion 
aids the retention of body fluids, when used in conjunction with the 
administration of normal saline and glucose solutions 
Feinblatt and Sherman’* report a case of diabetic coma in which no 
definite improvement followed large doses of insulin, but which was im 
mediately relieved by blood transfusion Cornils” has reported recovery 
following transfusion in a case of acute yellow atrophy where death was 
expected 

In to^cemias due to pregnancy, the technic of plasmapheresis is some 
times emplojed** The patient is bled, the red blood corpuscles sepa 
rated from the plasma, and washed in saline solution Then they are 
restored to the body m saline or Lockes solution 
In anemic patients with chronic nephritis with hypertension trans 
fusion bj the syringe value method (cf page 105) is contra 
indicated as the rapid injection of blood might cause a further rise in 
blood pressure and possibly a cerebral hemorrhage The author trans 
fuses sucli patients by the drip method and during the infusion with 
draws some of the patient’s own blood from the opposite arm (which 
on account of the anemia entails only an inconsiderable loss of red 
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cells) to avoid overloading of the cardiovascular system B> this 
technic transfusions can be given m the presence of malignant hyper- 
tension or e\en in serious cardiac disease such as coronary occlusion, 
and by improving the comidicating anemia may help to ameliorate the 
patient’s syptoms 

Use and Abuse of Transfuston ” Since blood transfusion therapy entails 
a certain though only a slight risk, it must not be employed without a 
definite indication Unfortunately, this principle is not always followed 
Patients are being transfused because of general debility due to various 
causes, chronic nephritis, malignant hypertension, etc , with results not 
worth the effort or even detrimental In cases of acute leukemia or 
carcinomatosis the family should be informed of the inevitable out 
come rather than be subjected to the expense of a therapj which can 
at best prolong a miserable existence for a short time 
On the other hand, where transfusions are needed they should be 
given without delay and in adequate dosage When it is realized that a 
transfusion of 500 c c of blood in an adult can at most produce a rise 
in hemoglobin of only 8 to 12 per cent, it will be seen that it is advisable 
to give more than 500 cc when preparing a patient with ver> low 
hemoglobin for operation Yet, not infrequently, the same arbitrary 
amount is given indiscriminately whether the hemoglobin percentage 
IS 20 or 70 Probably, the fault is not so much that the number of blood 
transfusions is too great, but rather that the method is not properly 
applied or the indications not well observed 
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CHAPTER VII 


TECHNIC OF TRANSFUSION OF FRESH BLOOD 

In TPANsrusiONS, the blood is introduced into the patient’s circulation 
by the intravenous route The part of the technic of blood transfusion 
requiring most attention is the proper insertion of the needle into the 
vein It is important that the needle used be sharp, that the bevel be 
neither too long nor too short, and that the tip of the needle be pointed 
rather than round As a rule, a large (15 gauge) needle is used for the 
donor, an 18 gauge needle for adult recipient, 20 or 22 gauge needles 
for infants and small children The skillful introduction of the needle 
into the vein is practically painless However, particularly when the 
veins are small and difficult to enter, the intracutaneous injection of a 
small amount of 2 per cent procaine mitigates the discomfort of the 
procedure 

It 15 important to select the largest vein possible, and then place the 
hmb in a position that will keep the vein stretched so that it does not 
slip to one side when the needle is inserted A tourniquet is applied at 
a tension high enough to obstruct the venous but not the arterial flow, 
and then it is well to wait until the vein becomes distended Good results 
can be obtained with the aid of the cuff of a blood pressure monometer 
adjusted to slightly above the diastolic pressure 

If the vein is deep set and immobile as at the bend of the elbow the 
needle may be plunged directly into it Should the needle pass entirely 
through the vein, withdraw it gradually until blood flows freely from 
the hub A snap may be felt as the ne^Ie point is dislodged from the 
postenor wall of the vein Then depress the hub and insert the needle 
further into the vein For superficial veins which tend to move the 
most satisfactory technic is the following With the bevel of the needle 
uppermost, and with a slight downward and forward pressure the 
needle is pushed through the skin on a line with but not into the vein 
During this procedure, the skin is kept stretched by dramng down with 
the balls of the fingers or thumb Tlie needle is kept as flat as possible 
and advanced approximately yi to I cm, to form i ridge over the upper 
surface of the vein wall Then the butt of the needle is raised and the 
needle advanced slightly, whereupon it will enter the vein Finally the 
needle is flattened out again to avoid perforating the far side of the 
vessel, and it is pushed up the vein for a distance of approximately 
to 1 cm 

In adults and older children there is nrely difficulty in finding suit 
able veins for transfusion If it is impossible to enter the vein directly 

92 
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through the skin, the veins can be exposed by incising the skin The 
incision IS usually made over the antecubital space, or if the antecubital 
veins cannot be used, an inasion can be made above and slightly ante 
nor to the medial malleolus of the ankle, where a suitable vein will be 
found This may be necessary when the veins are poorly developed or 
collapsed, particularly in infants or m patients in shock Even in very 
young infants, however, the antecubital or ankle veins may be so well 
developed that no incision need be made In infants moreover, suitable 
veins may be found in the scalp after the hair is shaved and at times, 
the jugular vein can be used 

hen (he vein is exposed by an incision through (he skin an ordinary intravenous 
needle can be inserted into the vein However in order to avoid perforating the 
vein higher up it is better to use a blunt cannula wi‘h pointed stilette (Lmdemann 
t>'pe) Such cannulas can he made from spinal tap needles by cutting across the 
needle 1 to 2 mm from its tip and beveling around the circumference to make it 
taper to the stilette Such a cannula can be inserted without cutting the vein and 
it is not necessary to tie off the vein after the transfusion is completed 

On account of the difficulty of venepuncture m young infants transfusions have 
been given through the superior longitudinal sinus This method of transfusion 
should no longer be used however since it is far safer to cut down on a vein Trans 
fusion through the longitudinal sinus is a blind procedure and there is a certain 
amount of risk of producing a subdural or inlracerebral hematoma* A number 
of fatalities from this cause luve been reported * 

The intrapentoneal route has also been suggested for transfusons in infants 
Since absorption takes <ome time the method is less useful in hemorrhage or 
shock, hforeover the retention of blood for a long time in the peritoneal cavity 
introduces the danger of infection In a report published m 1929 Cole and Mont 
gomerj* claimed good results in a series of U7 intrapcntoneat transfusions How 
ever there were reactions (abdominal discomfort restlessness etc ) m 7 per cent 
of the cases These writers warn that the method should never be used in the 
presence of intra abdominal disca'e When tbc inlrapentoneal route is U'ed the 
needle is inserted midway between the symphysis pubis and the umbilicus care 
being taken that the bladder is empty The author has never resorted to the mtra 
peritoneal route since he has always been able to find suitable veins even m new 
born infants 

Tocantins and O Neill* report the successful mfus on of blood and other fluids 
into the circulation by way of the bone marrow In 17 trials there was only one 
failure The needle was usually inserted into the sternal marrow but in 2 children 
the fluids were introduced into the tibia and femur The authors recommend this 
technic where it is impossible (o u«e (be intravenous route as m widespread 
mutilations and bums Experiments in rabbits on the occurrence nf pulmonary fat 


‘J G Oliver La Transiusion de Sangre en Pediatna 178 pp Buenos Aire» 
(1937) 

*C/ Levine and Katzin Jour Amer ^fed Asioc 110 1243 (1935) 

Mmcr Jour Dis Child 37 497 (1929) 

'Proc Soc Exp Biol and Med 45 782 (1940) Tocantins and 0 Neill Surg 
<^yn andObstet 73 287 (1941), Tocantms, OISciU and Jones Jour Atntr Med 
Assoc 117 1229 (1941) 
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emboli after infusions into the bone marrow base been described by \Vi!c and 
Schamberj^* 

la desperate cases, as m moribund patients, direct injection into the heart has 
been tried * 

As to the question whether titrated or unmodified blood should be 
transfused, the most satisfactory and flexible system is to use both 
methods of transfusion, depending on the indication. In cases of acute 
hemorrhage, transfusions of unmodified blood by the s>ringe-valve 
method is the method of choice (cf page 105), as here speed is impor- 
tant Besides it may be necessary to transfuse large quantities of blood, 
and the citrate mctJiod would then entail the injection of considerable 
quantities of the salt On the other hand, in elderly patients and in 
patients with organic heart disease, and in other conditions w'here the 
rapid injection of blood might be dangerous, the transfusion of un- 
modified blood is contraindicated In general, the citrate method will be 
found more satisfactory from the standpoint of patient, donor and 
operator, because of its greater simplicity and safety 

An attempt was made recently by Levine and Katzin® to determine, 
with the aid of questionnaires, what methods of transfusion were being 
used in the hospitals of the United States It was found that of 350 hos- 
pitals who replied to the questionnaires, 136 used one method exclu- 
sively, 172 used two methods, 34 used 3 different methods, and 4 
hospitals used 4 different transfusion procedures The following table 
gives the frequency of the four methods of blood transfusion used alone 
or in combination. 


Citrate 

. 306 

Syringe-valve 

IS9 

Lindemann 

62 

Paraffin lined containers 

46 


It is seen that the citrate method is the most popular m American hos- 
pitals, evidently because of the ease of performance. 

TRANSFUSION OF CITFATED BLOOD 

The principle of this method of blood transfusion is to collect the 
blood of the donor in a vessel containing a citrate solution to prevent 
coagulation, and then to inject the blood into the recipient 
The Citrate Solution. As Neuhof and Hirschfeld^ state, as much as 6 tn 


Jour Invest Dermatol 5: 17S (1942) 

•Tzanck, Paris ited 40/41; 249 (1922) With tepsrd to other routes for blood 
transfusion, see" Moore and Dennis, Uort/ncest Med 27' 140 (1928); Shaw, 
Jour Amer iled Assoc 90: 446 (1928) 

'Jour Amer iled Assoc 110: 1243 (1938) 

' Kev York Hed Jour. 113 : 95 (1921)- 
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8 grams of sodium citrate may be injected intravenously without pro 
ducmg toxic effects provided that the injection is given slowly (over a 
period of 10 to 15 minutes) In blood transfusions by the drip technic 
even larger quantities are well tolerated Salant and Wise* found that 
while sodium citrate when mixed with blood in vitro is stable, it is rapidly 
destroyed in the body In ammal experiments it was found that the salt 
disappeared from the circulation very quickly, nearly 90 per cent being 
disposed of within ten minutes Part of the citrate is oxidized, the re 
mainder (about 30 to 40 per cent) is excreted through the kidneys 
When toxic doses were injected symptoms appeared promptly, but if 
the dose was not lethal recovery was complete and without sequelae 
Keynes® points out that solutions of sodium citrate, being slightly 
alkaline in reaction, may attack the glass of the ampoule, and this m 
time gives rise to a whitish flaky deposit Therefore, it is best to keep the 
citrate m solid form and dissolve the salt m distilled water before use, 
but Riddell'® states that the solution in ampoules can be used with safety 
for three months after manufacture According to DeGowin*' the use 
of isotonic citrate solutions IS important for blood storage (cf page 135) 
DeGowin states that when the U S P XI preparation containing two 
molecules of water of crystallization (IsajCgHjOr 2HtO) is used a 3 2 
per cent solution is isotonic, while the salt with S'/z molecules of water 
of crystallization is isotonic in a 3 8 per cent solution 
In view of the harmlessness of sodium citrate in the doses required 
for transfusion, it is preferable to u«e the salt m some excess so that 
there may be no chance of coagulation of the donor’s blood The author 
uses one part of a 3 8 per cent solution of the U S P salt'* for every 
10 parts of blood, so that m a 500 c c transfusion the total volume of 
the mixture of citrate solution and blood would be 550 c c The solution 
is prepared by dissolving3 8 gms of the salt in 100 cc of distilled water, 
filtering and then sterilizing by autoclaving at 20 lbs pressure for 20 
minutes 

Techmc ** The apparatus recommended by Lewisohn for citrate trans 
fusion IS shown in figure 24 

The first step consists in obtaining the blood from the donor A 
tourniquet is applied to the donor’s arm and a large intravenous needle 
(15 gauge) IS inserted into the most prominent vein (usually the median 
cephalic) at the bend of the elbow A cannula of large diameter is neces 
•/our Biot Chem 28 27 (1917) 

’Ke>'nes Bloodk Tramixmon Oxford Med Pub London (1922) 

"Riddel! Blooi Transixiston Oxford Univ Press London (1939) 

’ Persona] communicaljon 

’According to DeGowm (cf footnote tl) tins solution would be slightly hyper 
tOJUC 

“5re Lewisohn Bpston Mti and Siirg Jotir 190 733 (1924) 
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sary in order that the blood may flow freelv, otheruise clotting may 
occur before the blood is properlj mixed with the citrate solution If 
a large vein is available, it does not matter whether the needle points 
towards the hand or the shoulder If the vein is small, it is preferable 
to point the needle towards the hand The blood is allowed to flow into 
a large receptacle containing the necessary quantity of sodium citrate 
spliition The blood and citrate are mixed by gentle shaking of the re 



Fic 2A Apr\RATus for Lewisohns Citrate Mctiiod or TRAxsrvsiov 


ceplacle and stirring with a glass rod Rough handling should be avoided 
to prevent damage to the blood corpuscles When the full amount of 
blood has been drawn (usually about SOO cc ), the tourniquet is re 
leased, the needle is withdrawn from the vein, a gauze pad applied and 
the forearm is placed in complete flexion for a period of about 5 minutes 
The donor’s blood can be collected more neatly and a^eptically by 
making it run through a short piece of tubing connected to the needle 
with the aid of .an adapter (cf figure 25) instead of having the blood 
spurt directly from the needle into the cylinder Before the needle is 
inserted into the donor’s vein a hole large enough to admit the tubing 
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IS punched through the paper covenng the sterilized cylinder As an 
additional precaution against coagulation when injecting the citrate 
solution into the cylinder prior to the blood collection, the last few c c 
can be injected through the tubing wth the needle attached Naturally, 
stirring is precluded by this technic but adequate mixing of blood and 
citrate will occur if the bottle is gently rotated m order to swirl the blood 
about 

11 hen the procedure is properly performed the donors blood flows m a steady 



Fig 23 Drawing Blood from Donor (Citrate Method) 


stream and the collection of 3 OO c c lakes only about 3 to 7 minutes If the flow 
slows down or stops the tourniquet should be inspected and readjusted if it is 
too tight or too loose or the needle may ha\e to be moved if its bevel is resting 
against the waJJ of the vein or the robber tubing may have to be straightened if 
kinked To maintain a steady flow the donor may be instructed to open and close 
his fist slowly but firmly and if necessary the forearm can be massaged with the 
flat of the band from the wrist upwards towards the needle 

For the injection of the citrated blood, the set used for adnunis 
tenng salvarsan by the gravity method IS satisfactory (cf fig 26) The 
air in the tubing is first displaced b> pouring some normal saline solu 
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tion into the apparatus A tourniquet is apphed to the atm, and the 
needle inserted into a prominent vein at the b«nd of the elbon, pointing 
in the direction of the shoulder As soon as the needle has entered the 
patient’s vein, as mil be evidenced by the free flow of blood from the 



Fig 26 Thansivsion of Citrated Blood by Gilwity Method 

needle, the tourniquet i'* removed The formation of a hematoma at 
the site of insertion of the needle U5uall> indicates that the point of the 
needle is not m the lumen of the vessel in that event the needle should 
be reinserted The adapter of the salvarsan apparatus is then connected 
to the needle and the saline is allowed to flow in bj gravity 
^VTien no doubt remains that the intravenous infusion is flow ing satis 
faclonlj the saline remaining in the reservoir is poured off and the 
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citrated blood is poured into the apparatus. If the blood has been 
properly collected it should contain no clots, and filtering the blood 
will then be neither necessary nor desirable The final step is to adjust 
the regulator so that the blood florrs at the desired rate, usually 10 cc 
per minute or about 3 to 4 drops a second. 

Syringes or a synnge-valve apparatus can be used with advantage for 



Fig 27 Travstusiov or Cjtrated Biood by Syringe vaive Method 


the injection of citrated blood, instead of the gravitj method (cf fig 
27). In infants, the author prefers the synnge-valve method of inject- 
ing citrated blood, because the small caliber of the needle employed 
makes infusion by gravity rather tedious Incidentally, in children re- 
quiring large amounts of blood but not urgently, it is convenient to 
store the citrated blood in the ice-box and give portions on 2 or 3 suc- 
cessive days. 

Perhaps the greatest advantage of the citrate transfusion is its sim- 
plicity. Any physician can perform a blood transfusion by this method 
unassisted. Another practical advantage is that no special or elaborate 
apparatus is required The ordinary intravenous equipment available 
in every small hospital will serve the purpose Since there is no danger 
of clotting, the administration of blood can be regulated at any desired 
speed, so that the possible danger of o\erIoadmg the heart from too 
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rapid administration of blood can be avoided This makes it possible 
to transfuse larger than the usual amounts of blood at one time in cases 
mth severe anemia An additional advantage is elimination of personal 
contact between donor and reapient, thus preventing disturbances and 
excitement, particularly when family donors are used 

It has been claimed that a larger percentage of reactions (chiUa and 
fever) follow the use of citrated than of unmodified blood (cf page 
128), but m the author’s experience’* there has been no difference in 
the incidence of reactions by the two methods Moreover, as Lewisohn 
and Rosenthal** have shown, such reactions can be prevented almost 
entirely b> proper cleansing of the apparatus and the use of 'solutions 
prepared with pyrogen free distilled water’* (cf page 130) 

Conttnuo7{s Dnp Transfusion In patients (children or adults) who are 
actively bleeding, or where active blood destruction is going on, Mar 
nott and Kekwick.” found continuous dnp transfusion an ideal method 
of treatment and of preparing the patient for operation The blood la 
drawn from several donors of the proper group into citrate solution in 
the usual manner For adults, the rate of flow during the injection is 
regulated at about 40 drops per mmule, so that approximately one liter 
of blood is transfused every seven hours In children the rate of infusion 
should be regulated m proportion to the weight of the patient Because 
of the slow rate of fiow it will be found that the red blood cells have a 
tendenc} to sediment and plug the gravity apparatus, but Marriott and 
Kekwick. were able to obviate this difficulty by bubbling gen through 
the blood at a very slow rate These investigators advise that the trans 
fusion be continued until the hemoglobin ri'es to an approximately 
normal level, after which a contemplated operation may be made If 
required, as much as 5000 c c of blo^ can be transfused b> thi> method 
into an adult within 36 to 48 hours For further details concerning the 
technic see the original paper 

Such excellent results have been obtained bj Marnolt and Kekwick 
by the dnp method that it may be in place here to cite one case from 
their senes as an example 

A male aged 57 waj suffenng from severe hemilemesis and melena of uncer 
tain causation but thought to be due to ga'lnc ulcer When dnp transfusion was 
flerifiefi upon be Viai Veen m Vbt Vrtr-TyiVsl fw feiw viii 
worse and continuing to lose blood His condition appeared desperate and hs 
hemoglobin was reduced to 20 per cent Drip transfusion was arried out at a ver> 
stow rate and 47 hours were taien to admini«ter 4100 c c of blood and SOO c c of 

“Wiener Orcmland Hyman and Sammek Amer Jou^ Chn Path II 102 

"Lewisohn and Rosenthal Jovr Amcr Jfed ^troc tOO 466 (1033) 

‘Seibert Amer Jatif Physwl 67 90 (1023) 

"Lancet 1 977 (1935), Proe Roy Soc \{ed 29 337 (1936) 
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citrate solution The patient slept dunng most of the time ^vithout sedabves At 
the conclusion his hemoglobin had n«en to 103 per cent and his complexion was 
positisely ruddy His blood pressure was taken at jntenaJs and slowly rose from 
110/60 at the commencement of the transfusion to 150/75 at the end In spite 
of this n«e be had no more bleeding' and made a smooth recovery ’ 

Exsangutnaiion Transfusion As has already been pointed out, m some 
conditions it is desirable to combine transfusion with the removal of 
some of the patient’s own blood (cf page 90) 

The transfusion is started in the usual way, and after 200 or 300 c c 
of blood have been administered, a IS gauge needle is inserted into a 
large vein in the opposite arm and 400 to SCO c c of the patient’s blood 
are withdrawn The transfusion can then be quickly completed This 
procedure is preferable to withdrawing the blood before starting the 
transfusion, as very sick patients may react badly to the loss of blood 
and the amount of donor’s blood lost by performing the phlebotomy 
after the transfusion has been started is negligible 

TRANSFUSION OF UNMODIFIED BLOOD 
When transfusing unmodified blood it is necessary to transfer the 
blood from donor to patient before coagulation begins Inasmuch as 
contact with foreign substances, particularly with rough surfaces, and 
with air favors coagulation, most modern methods of blood transfusion 
employ air tight apparatus with perfectly smooth surfaces, and the 
blood IS passed through the apparatus quickly, remaining outside the 
body only for as short a time as possible 
More than a hundred different apparatus have been devised for trans 
fusing unmodified blood but only a few representative types need be 
discussed here In general, every transfusion apparatus can be placed 
into one of four categories namely, variations of (1) the multiple 
syringe method, (2) methods employing paraffin lined containers, (3) 
the syringe valve methods, and (4) the tube methods The simplest and 
most popular apparatus make use of either the syringe valve or tube 
principle However, the other two more cumbersome procedures are 
still being used in a number of hospitals 

Multiple Syringe Method of Blood Transfusion This method of 
transfusion was perfected by Lmdeman,’* and is really a revival of the 
Ziemssen method of 1892 (cf page 56) 

For this procedure six to twelve 50 cc syringes (depending on the 
quantity of blood to be transfused), intravenous needles of suitable 
gauges and practiced assistance is required One operator draws the 


*Amcr Jour Dts Child 6 28 (1913) Jour Amcr Med Assoc 62 993 

(1914), 72 1661 (1919) 
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blood from the donor, a second operator injects it into the patient A 
tourniquet is placed on the donor’s arm, tight enough to obstruct the 
venous return but not the arterial flow (to be kept there during the 
entire procedure) and a needle inserted into one of hi& veins Simul 
taneously, a tourniquet is applied to the patient’s arm to distend the 
vein, a needle is inserted and the tourniquet released The obturator 
IS removed from the donor’s cannula, an empty syringe attached and 
the blood vnlhdrawn as quickly as possible VNTien the syringe is filled, 
one operator replaces it by an empty one, putting down the filled 
syringe The other operator removes the obturator from the recipient’s 
needle, picks up the filled syringe and attaches it, then speedily but 
smoothly injects the blood into the patient’s vein By the time the 
syringe is empty, a filled syringe is ready to replace it, and the process 
IS repeated until the desired amount of blood has been transfused It 
has been suggested that if there are not sufficient syringes for the 
amount of blood required, a third assistant rinse the used syTinge« 
with normal saline solution If the same syringes are used repeatedly 
attention must be paid to the possibility of transmitting infection from 
patient to donor 

The main adv'antage of the above method is that no special apparatus is required 
However because of the everpresent danger of coagulation considerable practice 
IS required to master the technic To lacihlale the procedure Hedenius'* has sug 
gested that prior to the withdrawal of blood the blood donor be injected intra 
\enou«ly with sufficient heparin (0 2> to I mg per kg body weight) to prolong his 
coagulation time to 20 minutes According to Hedenius the amount of bepann re 
quired is not large enough to harm the donor and docs not affect Ihe patient s co- 
agulation time In stressing the advantages of bis method Hedenius «talcs that onl) 
the simplest equipment need be ined *ince all the phjsician requires is a heparin 
ampoule and a s>ringe However further proof of the harmles'ness of bepann in 
jections would «eem dcsirabfe 

Transfusion by Means of Paraffin Coated Containers In this in 
direct method of blood transfusion, coagulation of the donor s blood is 
delayed by collecting it in a receptacle evenly coated with parafim 
Knnpton Broun Tube The Kimpton Brown container is a large glass 
cylinder, possessing a perpendicular side lube a little below its upper 
end and an S shaped cannula at the bottom of the tube (cf fig 28) 
Double bulb rubber bellows are attached to the side tube The original 
tube described by Kimpton and Brown had a capacity of only 100 c c 
but it can be made in any size, and the one mostly used has i capacity 
of 700 cc 

Preparalton and Care of Tube Inunedialely after the tube has been 

■* Ida Med Scand 89 263 (1036) Lancet 2 1186 (1937) C/ Sappmgton 
Jour Amer ifed Assoc 113 22 (1939) 

"kimpton and Brown Jojir Amer iled Assoc 61 117 (1913) 
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used, it IS washed out, first with cold and then with hot water This 
washes the tube clean of blood, while the hot water helps remove most 
of the paraffin coating The remainder of the paraffin may be removed 
by alcohol and ether Alter all the ether has evaporated, the tube is 
ready for restenlization and reparaffinization The tube may also be 
cleansed as described on page 131 A small piece of pure paraffin with a 
melting point of SO^C is then placed m the 
cylinder and a cork inserted The tube is 
wrapped in a towef and sterilized m the auto 
clave The sterile tube is warmed over a Bunsen 
flame or an alcohol lamp, being carefully ro 
tated m order to permit the melted paraffin to 
coat the entire inner surface of the tube, cork 
and side tube The excess of paraffin is allowed 
to run out of the cannula A small piece of sterile 
absorbent cotton is then inserted into the side 
tube to prevent contamination when the rubber 
bellows IS used To insure the formation of an 
even surface of the paraffin, the tube should be 
rapidly cooled by twirling it, for example, in 
front of an electric fan, until the thm film of 
paraffin has set 

Before the tube is used one must be certain 
that the lumen of the cannula is clear If it is 
found plugged, the tip of the cannula should be 
reheated over a flame until the paraffin flows 
and the lumen is re established If one attempts 
to clear the lumen with a pm, the paraffin may 
crack, leaving part of the wall of the tube de 
nuded 

Transfusion One of the donor’s veins at the 
bend of the elbow is expo'^ed under local anes 

thesia, and an oblique incision is made into the vein The flap thus 
formed is raised w'lth a pair of forceps, and the tip of the cannula in 
serted into the vein m the direction of the hand When now a tourniquet 
IS applied to the donor's arm, the blood will flow rapidly into the paraf 
fin tube If the tube is inserted so that its widest diameter engages 
the vein, no leakage of blood will occur As ';oon as the required amount 
of blood has been obtained, the tourniquet is removed from the arm 
and the tube is withdrawn from the donor’s vein A ligature previouslj 
inserted about the v em distal to the point of incision is immediately 
tied b> an assistant Bleeding may also be prevented by pressure vnth 
gauze over the incision 

In the meantime an assistant has prepared the recipient’s vein for 


Fig 28 Limptov and 
Browv s Cansuia j-or 
Tkanspusion 
( 100 cc capacity) 



104 BLOOD GROUPS AND TRANSFUSION 

insertion of the cannula No time should be lost or the blood may clot 
m the paraffin tube ^\Tiile the tube is being earned over to the recipient, 
the opening of the cannula should be closed with the gloved finger in 
order to prevent the escape of the blood The cannula is inserted into 
the recipient’s vein as described above, but tnth the tip pointing to the 
shoulder The tube with the rubber bellowb may now be operated as an 
aid in forcing the blood into the patient’s circulation Too much pres 
sure on the bellows must be avoided Towards the end of the transfu 
Sion the positive pressure must be released to avoid the introduction of 



Fig 29 Kiupton ano Bkowss Can*.vtjv d. HowrosTAt 
PoSITlO'i SlIOWINC THE TiUP WHICH PRENTVTS THE 

Entrance of Air ivto the Cannula 


air into the recipient’s circulation After the cannula has been with 
drawn from the recipient’s Nein, the \em i> ligated and the skm of 
donor and recipient is sutured 

Disadvantages o) the ?ara§\n Tube Method The mam disadvantages 
of the paraffin tube method of blood transfusion are due to the difn 
culties encountered in the proper preparation of the tube If there i» 
any defect in the paraffin coating, the blood will clot and the transfusion 
will be a failure Another drawback of this method is that particular 
skill is required in its performance Thus, the blood maj clot if too 
much time is lost after its collection As a rule only about ten minutes 
are required for the performance of the transfusion «even minutes for 
the withdrawal and three minutes for the injection of the blood L'tually 
almost twice this time may be allowed to elapse ivith impunit> Other 
objections to this method of transfusion are that it is necessary to make 
an incision and to ligate the veins of both the donor and recipient and 
that the procedure cannot be performed without assistance 

Among the modifications of the Kimpton Bnnsn lube the one devised by Percy ' 
IS probably most frequently employed in hose hospitals which still adhere to the 
paraffin tube method Percy has modified lie apparatus so that not only a rubber 
bellows but also a suclion tip is attached to the tube During the withdrawal of the 
blood if the flow into the tube is relarded because of the bacL pressure of the blood 
an assistant applies gentle suction As an additional precaution against coagulation 
a small amount of paraffin oil is drasm into the lube before it is in'erted into th 
donor s %-ein This oil layers the Wood and presents contact with the air 


'Surg, GyM and Obslel 21 360 (1915) 
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In Dogliotti s** modification the veins are entered b> means of needtes just as 
in the syringe and citrate methods so that « is not necessary to isolate and incise 
the vein The method of multiple paraffintzed tubes is used here each tube having 
a capacity of 100 c c In this way the likelihood of coagulation is diminished and 
if the procedure must be interrupted for any reason a large amount of blood is not 
wasted 

Transfusion by Means of Containers Made of Atkronibil As has al 
ready been pointed out, perhaps the mam disadvantage of the paraffin 
tube method of transfusion is the difficulty of properly paraffinizmg the 
tube Neubauer and Lampert** showed that if the apparatus is made 
of “athrombit” (an amber-hke substance, which is a condensation prod 
uct of phenol and formaldehyde), instead of glass, the containers need 
not be paraffimzed Apparatus made of athrombit can be sterilized with 
out damage, the substance being resistant to heat and weak acids 
Alkalis must be avoided, however 

Burkle de la Camp*® has constructed an apparatus of athrombit that 
IS similar in principle to Percy’s paraffin coated tube Transfusion ap 
paratus made of athrombit are used in Germany 
Blood Transfusion by the Synnge-Valve Method This is the most 
popular method of transfusing unmodified blood at the present time The 
choice of a particular apparatus is largely a matter of personal prefer- 
ence To illustrate transfusion by this method, the procedure followed 
by Unger®* will be described 

Unger's Method The essential part of Unger’s apparatus is a syringe 
With a four way stop cock The technic is reliable, easy to learn, and 
has become very popular 

One opening of the stop cock is connected to a syringe for blood, and 
another to a syringe containing saline There are also attachments for 
tubings leading to the donor and recipient respectively The stop cock 
has two positions In the donor’s position, the syringe for blood is con 
nected to the vein of the donor, and the syringe for saline to that of 
the recipient In the recipient's position, conditions are reversed (cf fig 
30 ) 

Technic The donor and recipient he parallel to each other with their 
arms resting on a board supported between them A tourniquet is ap 
plied to the recipient’s arm, and a vein entered by means of a small 
intraveno us needle The tourniquet is then removed, and the needle 

" For a description of Ihis method see TTiorek Surgical Errors and Sajeguards 
P -to J B Lippincott Co (1932) 

"Other modifications have been advocated by Kreuscher [Jour Amtr Med 
rtjjoc 70 223 (1918)] Brooks [Ca/i/ ourflfeif Med 24 44 (1926)] and many 
others 

" Muiick med II och 77 582 (1930) 

"Zentralbl Chir 58 854 (1931) 

"Jour Amer iled Assoc 65 1029 (1915) 
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connected to the adapter at the end of the recipient’s tube The stop- 
cock IS set m the donor’s position, and an assistant \ery slowly injects 
saline into the recipient’s circulation (to prevent clotting) A tourniquet 
IS applied to the donor’s arm, and a prominent vein is cho^en into which 
a large needle is inserted and immediately connected to the donors 
tube The donor’s blood is then aspirated by the operator As soon as 
the syringe is filled, the stop cock is turned and the blood is injected into 


T{ © 
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Fic ^0 Uncers Tr.\nspusiov Apparatus 
ttfapn apparatus is m donors position (left) the blood passes from the 
donors vein through D, out at B into Syr At the same time saline is being 
forced from the sahne syringe through S out at R into the recipients lube 
In the recipients position (nght) the blood is forced out of ^yr through 
B out at R into recipients circulation At (be same time the donors lube is 
kept clear vilh saline 

CS central stopper (rotates through an arc of 90 degrees) 

and this procedure is repeated until the desired amount of blood is in 
jected A 10 to 20 cc Record qrringe is usually employed so that the 
amount of blood can easily be calculated at any time 

During the transfusion, an assistant alternately flushes the circuit of 
donor and recipient by slowly injecting saline A small amount of saline 
for instance 20 c.c , should be suffiaent for a transfusion of 500 c c of 
blood As soon as the syringe for blood begins to work with difficulty, 





TECHNIC OF TRANSFUSION OF FRESH BLOOD 107 

the stop cock IS turned to the intermediate position to pre\ ent the loss 
of any blood and the syringe is remo\ed and replaced by a clean one 
Coagulation of blood during the transfusion may be inhibited b> spny 
ing ether on the outside of the syringe For this purpose a small can of 
ether m the top of ^hich a \ery small pm point opening has been made 
may be used The spray is facilitated b> wrapping a hot towel about 
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the can In this way it may be possible to perform the entire transfusion 
without changing the syringe 

Other Methods oj Syringe Transfusion In practically all of the modi 
fications of the method just described the special syringe for saline is 
dispensed with so that the operator can perform the transfusion un 
aided This can also be accomplished with the Unger apparatus by 
clamping the tube leading to the saline syringe In Scannell s” modifi 
cation the syringe is connected to a three-way stop cock with connec 
tions leading to donor recipient and a basin of saline As soon as the 
syringe begins to work with difficulty it is flushed out with saline so 
that frequent changing of the syringe is a\oided Brines^* has modified 
Unger s technic by using the saline synnge for blood «o that a constant 
flow of undiluted blood is maintained from donor to recipient 
"Scannel] Blood TransJ ston Sim^tfied Brockion Maes (1930) 

’’Arch Sirg 12 124 140 (1926) 
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Feinblatt” states that Unger’s apparatus is open to the theoretical 
objection that the presence of a chamber where the stop cock rotates 
may possibly allow reflux of blood from recipient to donor He has there- 
fore devised an apparatus in which the essential part is a two way valve 
operating by means of two discs rotating on one another through an 
angle of 90®, thus eliminating the chamber 

A number of other transfusion apparatus (Aliller Tzanck, etc) have been de 
vised retenllv in which the essential part is i <leeve vahc In Miller s apparatus (cf 



figure 32) the valve is built like an all metal sjnnge mounted on a table cbmp The 
plunger has a perforation in its center connected at the proximal side v>ith a metal 
nipple into which the s) rmge is inserted and on the distal side to an inlet or an out 
lei lube depending on ihc position By moving iht plunger with the attached syringe 
to and fro aspiration and injection is accomplished 

The syringe valve method of transfusing unmodified blood his the 
advantage that a single operator can carrv out the procedure unaided 
and vvith expediency On the other hand, care must be taken to keep 
the apparatus m good condition (to prevent leakage) Jlorcover, a cer 
tain amount of practice is needed in handbng the apparatus, parUcuIarly 
to guard against turning the valve in the wrong direction and reversing 
the direction of the flow 


“Feinblatt Transjuflon 0 / Blood, p 106 New ^ork (1926) 
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'^oresi®“ and Koster’* have each invented an afqiaratus b> which the blood is as 
pirated and injected mice quantities The cssentiat part of Sore'is apparatus is 
the blood flow controller (cf fig 33) which automatically controls the flo v of 
blood from donor to recpient The blood flow controller consists of a body two 
small metal balls two plug:, and two locL nuts which ma> readily be taken apart 
and reassembled \Vhen the apparatus is m position the two balls fall to tbeir seats 
bj gravity and cloae the channel cut through the body of the controller Uhen the 
syringe aspirates the lower ball is drawn up thus allowing the donor s blood to fill 
the syringe and the upper ball is tightened against its seat effectively closing the 



tttjre /« td bj cou tttj o] 1 Silar »• jl Ct 

Fig SS SoRtsi s Appawtus 

channel to the recip ent After the syringe is filled the lower ball falls aga nst its 
seat closing the channel leading to the donor ben the blood is expelled from the 
syringe the upper ball is forced upward opening the channel to the recip ent while 
the lower ball is fastened in its seat This alternate lifting and falling of the upper 
and lower balls automatically controls the flow of blood from donor to recipient «o 
that no valves need be operated Soresi claims that this method al'o has the ad 
vantage that coagulation is prevented because of the small size of the syringe «o 
that the blood is in the apparatus only a very short tune For (h:s reason the «ame 
syringe can be used for the entire transfusion In the '^oresi and Ko'ter apparatus 
the valves operate automatically so that the apparatus is simple to manipulate even 
for the beginner The theoretical objection has been rai ed that the vahes might 
be jammed by a plug of fibnn without the operators knowledge and m that way 
the flow of blood could be reversed 

'‘Jour Amer Med Assoc 84 S91 (192S) 

’ Med Jour and Rec 122 286 (192s) 
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Tube Method Recently apparatus ha\e come into use bj which the 
blood IS transferred from donor to patient through a tube, without the 
aid of syringes The«e apparatus have considerabl> simplified the trans 
fusion of unmodified blood and would deserve to be generally adopted 
In Germany, an apparatus invented by Beck” is widely used The essen 
tial part of Beck’s apparatus is a strong rubber tube connected to 



Tig. The Baxek TkIinstcse* 

needles in the yeins of donor and reapient, through which the blood 1 = 
milked wath the aid of rollers The elasticity of the rubber tube causes 
the donor’s blood to be aspirated, and the rollers force the blood into 
the patient’s circulation Similar apparatus haye been introduced into 
the United States by DeBakey** and by Baker** (cf fig 34) 

° Ergeb inn Med si Ksnderheilk 30 150 (1926) 

"DeBale} 7^ ew Orleans Med and Sufe Jour H 556(1934) 

“Cashman and Baker Amer Jour Obst and Gyn 31 240 (1936) 
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An ingenious apparatus ^vhich works by a somewhat different mech 
amsm has recently been in\ented by Pennell*® In Pennells method, 
the blood is forced through a continuous tube with the aid of a spiral 
metal screw instead of rollers (cf figure 3S) To reduce the friction 
between the metal screw and the tubing the apparatus is filled with 
sterile glycerine before use The tubing is calibrated to deliver 2 c c of 
blood for each turn of the handle and an automatic counter measures 
the amount of blood transfused A ratchet permits the handle to be 



turned in only one direction in order to prevent reversal of the flow 
of blood 

Pennell s method has the follo\ving advantages over the syringe valve 
methods of blood transfusion The apparatus is so simple to operate 
that the method requires not much more skill than a venepuncture The 
apparatus is easil> cleansed has no breakable glass parts and the only 
thing that need be replaced is the inexpensive rubber tubing The 
theoretical objection has been raised that the friction on the tubing 
maj rub off particles of rubber from the inner lining which might be 
injected into the patient This is avoided however, by the use of spe 
cially treated rubber tubing supplied with the apparatus 


Pennell Amer Jour Surg 45 354 (1939) 
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The tube method o( Iransltision has the disadiantsge that it not possible to 
build up as much pressure as with the syringe \aKc technic Therefore a larger 
needle must be used for the patient (16 or 17 gauge) 3nd if any resistance develops 
on the patients side or the crank is tinned too rapidly the apparatus will deliver 
less than the calibrated amount In addition one most keep one s eye on the tubing 
connected to the donors vein since if the flow slows down or stops the only indica 
tion may be the collapse o{ this tubing 

The lube method, like the syringe valve method can be used for transfusing 
citrated blood as well as unmodified blood Where the transfusion has bcvn started 
by the gravity method and it becomes necessary to speed up the infusion Pennell 
has found that this is readily done by sli^nng the intravenous tubing into hia 
apparatus and turning the crank at the desired speed 

DOSAGE AND RATE OP TRANSrUSION 

It can he shown that the miection of IS cc of normal blood for 
every kg body weight wtll increase the red cell count by approximately 
one million cells per cu mm TTie usual transfusion m adults con'-ists 
olSOOcc olhlood, and this loran individual weighing 70kg (approxt 
mately 150 lbs ) would produce a rise in cell count of 500 000 and m 
hemoglobin percentage of about 8 to 10 Depending on the indication 
the dosage may vary from 200 cc to 1000 cc or more since as was 
pointed out in chapter VI, in some conditions beneficial results are only 
obtained by injections of large amounts ol blood, while m other con 
ditions repeated small transfusions are preferable 

In children the dosage is usually higher in proportion to body weight 
than in adults, IS to 20 cc of blood being given per kg body weight 
An infant weighing 11 lbs (or 5 kg), for example, would receive a 
transfusion of 75 to 100 c c of blood 

In transfusions of unmodified blood the blood injection must be cit 
ned out with sufficient smoothness and rapidity so that clotting does 
not occur, at the same time it should not be injected rapidly enough 
to embarrass the heart In adults, the blood is usually injected at n 
rate of 50 to 100 cc per minute Immediately after a hemorrhage 
blood may be injected at even higher rates, without danger to the 
patient Where the blood must be given more slowly , the cilnte method 
IS used and then a rate of 10 cc per minute will be found satisfactory 
m most cases 



CHAPTER VIII 


REACTIONS and COMPLICATIONS rOLLO\^TNG 
BLOOD TRANSFUSION 

The REACTro^s to blood transfusion can be classified as (1) hemo 
lytic reactions (2) simple febrile reactions, and (3) urticarial and 
other allergic reactions of which the first type is the most serious In 
addition certain complications can result from transfusion, for ex 
ample, overloading of the circulation, thrombosis of the punctured 
vein and thrombophlebitis and embolism Overloading of the circula 
tion due to the transfusion of too much blood or the too rapid injection 
of blood particularly m individuals with cardiac disease, is probably 
one of the most dangerous complications of transfusion, and has been 
responsible for a number of fatalities 
In table 11 are presented some of the published reports on deaths 
resulting from bloM transfusion It wiU be seen that the percentage 


Table 11 


Fatal Reactions Folloimnc Blood Transfustovs 



\ear 

Number of 

^umbe^ 

Investigator 

of 

Transfusons 

of 


Report 

Performed 1 

Deaths 

/ Fresh Blood 




Bcrnheim 

1 1917 

800 

10 

Pemberton 

' I9f9 1 

I 036 1 

3 

Copher 

1923 ! 

24o 

2 

Kordenat Snuthies 

1925 1 

764 

0 

Witts 

1929 1 

3 430 

5 

Brines 

1930 1 

4 000 1 

2 

Pola>es &. Morrison 

1932 

1 500 

9 

DcGowm 

1938 

5 500 

7 

Wiener et al 

1941 

4 000 

1 

Total 


19 273 

39 

II Stored Blood 




Diggs 5^ Keith 

1939 

1 415 ' 

5 


1940 

2 HO 1 

I 

DeGo^Mn 5^ Hardin 

1940 

1 604 1 

2 

Iloxworth & Skinner 

1941 

? 077 j 

! 

Total 


8 236 j 

9 


113 
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of fatalities \aries greatly with different operators some reporting few 
or no deaths others as many as 1 per cent Moreover when the fatality 
rates are averaged the paradoxical result is obtained that the figures 
for transfusions of stored blood (0 1 per cent) are lower than those 
for the transfusions of fresh blood (0 2) per cent) The probable reason 
for these discrepancies and the apparent paradox is as follows It will 
be seen that half the fatalities occurred during the period 1917 1930 
though this includes less than one third of the transfusions listed It is 
easy to understand why the fatality rate should be higher during the 
earlier years considering that the technics of blood grouping and blood 
transfusion were still in the process of development For the most 
recent period (193S 1941) the average fatality rate reported is only 
0 1 per cent As for the great difference in the percentage of deaths 
reported by various workers this is. readily explained by the difference 
in technics In transfusions of unmodified blood by the multiple 
syringe or syringe valve method the blood must be injected wxthm a 
few minutes while transfusions of atraled blood can be carried out 
as slowly as desired Accordingly the danger of sudden death from 
overloading of the circulation is considerably greater when unmodified 
blood IS given and it would seem probable that the main cause for the 
recent decrease in the number of fatalities following transfusions is 
the more general adoption of the atraie method and the resulting 
diminution in the danger of congestive heart failure 
As regards the other prominent cau«« of transfusion fatalities 
namely hemolytic reactions the statistics are not entirely reliable 
\\Tiile acute cardiac failure immediately followang transfusion can 
hardly be overlooked when 'fatalities occur after ■several days from 
uremia caused by a hemolytic reaction the connection between the 
death and the transfusion may not be recognized This explains why 
until recently deaths from uremia following transfusions particularly 
in pregnancy cases were erroneously believed to be due to complica 
tions of pregnanc> e g toxemia rather than to the transfusion 

HEMOLYTIC RCACTIOVS 

Etiology 'Hemd’iyiic translosion reaChons iaVi Tfhtp ‘itvo 
namely (1) those due to specific incompatibility between the bloods 
of donor and recipient and (2) those caused by non specific agents 
as when blood that has been stored too long is used for transfusion 
Incompatibility may result from the unintentional selection of a donor 
of a different blood group from the patient or less frequently it may 
be caused by intragroup differences 

It IS fortunate that the transfusion of blood of an incompatible 
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group, due to errors in grouping i^luch regrettably still occur, ^ does 
not always cause 'erious reactions, indeed not infrequently the sjTup 
toms are so mild that they pass unnoticed or are attributed to other 
causes * Hence, the fact that the donor’s blood has been used pre 
viously without apparent ill effect does not prove that the original 
grouping tests were correct 

Some of the reports of suppo^ changes in blood groups have been based on 
clinical observations of unexpected hemolytic reactions follomng transfusions The 
usual story is that a donor who bad previously given blood to the patient without 
ill effect was u*ed again after an interval of time and a severe or fatal hemol>tic 
reaction resulted Re-exammation of the bloods of donor and patient may reveal 
for example that the donor belongs to group A the patient to group 0 not both 
to the same group as believed The conclusion that used to be drawn was that there 
had been a change m blood group of patient or donor while the correct explanation 
IS that an error m grouping had been made In fact hemoljsis of the donor s blood 
undoubtedly occurred even after the first transfusion but was overlooked because 
of the mildness of the symptoms The severe symptoms following the second trans 
fusion can he explained b> the increased titer of the isoantibodies as a result of 
isoimmunuation (cf page 64) 

The reason why an initial transfusion of Nood ol an incompatible group is not 
always followed by severe symptoms most likely is that m some individuals (be 
isoantibodies are only of low titer Moreover in certain disea*es such as leukemia 
the isoantibody titer is depressed and m one leukemic patient of group 0 ns 
much as 1:00 cc of group B blood was unintentionally transfused without any 
noticeable s^miptoms though the donors cells were destro>ed and eliminated from 
the body within a few da>$^ Another fortunate feature is that )ust tho<e properties 
of the blood which are responsible for the common mistakes also dimmish (he danger 
Not infrequently donors of subgroup A B have erroneously been assigned to group 
B because the A receptor was not detected with the weak g'oup B testing serum 
that was used However since the A receptor is weak hemolysis m xito will tend 
to be slow and cause only mild symptoms unless (he recipent has exceptionally 
potent A isoantibodies In this connection for a patient of subgroup A^B whose 
serum contains an atypical agglutinin <x, group B blood should be given in prefer 
ence to blood of group AB unless a donor of subgroup AgB is available 

Special attention is called to errors in the grouping of professional donors h> 
donor agencies Recently the wnter examined a blood donor whom he found to 
belong to group AB Thereupon the donor a medical student stated that he had 
previously been typed as group O and had given three transfusions under this 
xiJAsv&raf.'fW iuif js hr 33 be Jrws' ibeis bad jmV heer> say barro/iO eSecis Iroro 
these transfusions Investigation revealed that m one case the incompatibility b** 
tween the patient s «erum and donor s cells had been detected in the cross matching 

‘In a recent report Seggel [Med H eft 2 51 (1938)] remarks (bat m a series 
of 2105 blood transfusions earned out at a large hospital as many as S mistakes 
in blood grouping were found to have been made Cf Moureau Ann dc Med Leg 
IS 951 (1933) Tianck Moline and Pans Bitli el mem Soe dhop de Pans 
1297 (1933) ■\\ieneretal Amer Jour Cbn Path 11 102 (1941) etc 

* 4\ lener et al iaa at 

' \\ lener and Schaefer Med Chn of A Amer 24 TOa (1940) 
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lest and only ihe donors pla'ma had been used for the transfusion In the other 
2 cases where the donors whole Mood had been transfused one patient died within 
4 hours the other within 4 dajs with «yinptotns and signs of transfusion hemolysis. 
These two transfusions had been given po«loperalively and the deaths had been 
ascribed to the underlying di‘eascs and opcrati\c procedures while the transfusions 
were not suspected to ha\e anj relation to the fatal outcome 

While the vast majority of the hemolytic reactions reported have 
been due to the presence in the donor’s blood cells of incompatible 
agglutinogens there have also been a fevv reports* ** of hemolytic re 
actions due to the transfusion of blood containing incompatible iso 
agglutinins, such as group O blood to patients of group \ B or \B 
This question concerning the u«e of universal donors is discussed in 
greater detail on pages 60 and 117 Interest in this problem has been 
revived recently in connection with plasma and serum transfusions 
and measures have been devised to prevent possible damage to the 
patient’s blood cells by isoanlibodies in such blood substitutes (cf page 
150) It IS generally accepted that when dangerous universal donors 
i e donors with potent isoantibodies in their plasma are used the 
possibility of hemolysis exists However recent work indicates that 
the danger from the mdiscnminate use of universal donors is not as 
great as formerly believed According to Riddell,* in France universal 
donors have been u«ed almost exclusively, yet no fatality is «aid to have 
occurred in the experience of the Transfusion Sanguine D Irgence in 
Pans which u^ed to supply universal donors for as many as 6 000 
transfusions a year 

As has already been pomteil out (cf page 65) hemolytic reaction's 
can result from transfusions of blood of the «ame group as the patient 
due to intragroup differences While sporadic reports have appeared 
in the literature of hemoivtic reactions following transfusions of the 
homologous group this subject has been clarified only during the past 
few years In the first systematic study of such reactions W lener and 
Peters’ remarked that the i-,oantibodies responsible result from I'O 

* Muller and Ualgaires Compi rend Soc Biol 1447 ilOSoj DcGowin 

Jour imer 3/cd Assoc 108 296(193") Klendshoj and McNeil tnur \fej 
13S0C 118 ^28(1942) Wiener and Mrfon^ 4mcf Joiir Cti« Pfl»i in pre&‘ 

‘Related to tins problem also are reports of hemoljtic reactions followine ireai 
tnenl of type \l\ pneumonia with Ihcrapeolic horse scrum due to the pre'enct in 
human cells of an antigen related lo the type \!V pneumococcus polysaccharide 
[Finland and Cumen Sucnce 87 416 (1938)] 

** Ro»cnthal and \o"cl in Muck! and Thalhimers Blool SubsUlutes and Blood 
Transjusion Chapter irr C C Thomas (1942) C/ Aubert Boorman and Dodd 
B il 3Ied Jour 1 6j9 (1942) 

‘Riddell Blood Transfusion p 48 Oxford Umv Press (1939) 

M«Ji /Ht MeJ 13 2J06 (IJ40) 
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immunization which occurs in twoclas-^es of patients, namelj, (1) pa 
tients receiving repeated transfusions and (2) pregnancy cases where 
the fetus tn utero supplies the foreign antigen ® The factor most fre 
quently responsible for intragroup isoimmunization and consequent 
transfusion hemolysis has proved to be the agglutinogen Rh of Land 
Steiner and Wiener Howeaer, agglutinogen Rh is a poor antigen for 
man in comparison to agglutinogens A and B, so that isoimmunization 
against Rh occurs relatively infrequently even in ca^es where this is 
theoretically possible, namely, when an Rh negative patient is given 
repeated transfusions of Rh jiositive blood or when an Rh negativ e 
woman has an Rh positiv e child The infrequency of intragroup hemo 
l>tic reactions and the difficulties m demonstrating the incompatibility 
by in vitro tests are the probable reasons why this problem had not 
been solved previously WTiile intragroup hemolysis due to the Rh 
factor IS an uncommon phenomenon, many more reactions of this sort 
have been reported than from the indiscriminate use of universal 
donors Accordingly, a postpartum patient would be safer if given 
blood from an Rh negative universal donor than with blood of her 
own group selected without talking the Rh factor into account 

In the light of the recent observations on intragroup hemolytic re 
actions due to the Rh factor it is necessary to critically review the re 
ports of hemolytic reactions following transfusions of universal donor 
blood If the accepted explanation that such reactions are all caused 
b> the action of incompatible isoantibodies on the patient s cells is 
correct, then in ordinary grouping tests after such transfusions as in 
the method used by Ashby to trace the fate of the transfused cells 
(cf page 73), the donors cells should be demonstrable since thej 
are not agglutinable, but m none of the previous reports was this simple 
test mentioned This leaves open the possibility that actually the 
donor s cells, not the patient’s cells were hemolyzed The occurrence 
of a number of these reactions in patients receiving repeated trans 
fusions or in postpartum cases suggests that isoimmunization to the 
Rh factor ma> have in part been re*;ponsible Aloreover, when group O 
hi’oocf IS tninsfusecf to group AB patients of subgroup AjB, btnrroi’jsrs 
way possibly result from the (rare) presence of natural or immune 
anti O isoantibodies in the «erum of the patient, as in a case <5een by 
the author® For this reason, with patients of subgroup A,B (with 

’Isoimmunization in pregnane) was mentioned as an explanation for a hemol>tic 
transfusion reaction for the first time by Levmeand Stetson [/aiir Amer Med Asroc 
113 126 (1939)] and was independcntlj considered b> t\iener [Jour Immunol 
41 at (1941)] 

’\\iener Oremland H>'man and Samw ck Amer Jour Clm Path II 102 
(1941) 
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anti 0 agglutinins) where donors of the same group are not 'vvailable, 
blood of subgroup Ai or group B should be used in preference to group 
0 blood 

II has been assumed without proof that when henioI>'sis follows transfusions of 
group A blood to group A patieols subgroup differences are responsible but m the 
cases ob‘er\ed fa> the author the Rh factor prosed to be the cause As a rule 
transfusions of A, blood to A, patients or vice-versa are entirely compatible the 
transfused cells sunmng as long as blood of the homologous subgroup and this 
method has even been u ed bj the author for tracing the fate of the transfused 
erjthroo'tes (cf page 76) There is evidence'* however that A. individuals can 
on rare occasions form immune anti A, Hoantibodies either following transfusions 
of blood or as a result of pregnancy with an A, fetus and m such cases disregard 
of the subgroups might posstbK result in hemobtic reactions The irregular ag 
glutinins o:, and (or anti 0) sometimes present in normal serum of subgroup 
A, (or A D) and A, (or A,B) re<pectiveh would probably be less apt to cause 
serious reactions on account ol their lower titef (cf page 4S) though here al<o 
blood of the homologous subgroup roa> be preferable 

It haa also been assumed without proof that hpmoI>lic reactions following 
repeated tnnsfusions are due to isoimmunization against M and N but the 
properties il and \ probably play even a less important role than the subgroups 
of groups A and AD To date anti M agglutinins have been found in only 5 normal 
human ^era m3n> hundreds of thousands tested (cf page 219) while immune 
anti M isoantibodies have been observed m enl> two pest transfusion sera anti N 
agglutinins have never been found in an> human sera Therefore agglutinogen M 
ts a worse antigen for man than Rh while agglutinogen N according to the available 
evidence is not antigenic m man That possibly on rare occasions the property P 
maj be responsible for intragroup hemoI>(ic transfusion reactions is evidenced bv 
the pte«etice of anti P agglutinins m two post transfusion sera enmined by the 
author As is pointed out on page 65 on rare occasions other unclassihed factors 
may also give nse to transfu'ion hemolysis 

As for the qualities of isointibodies which affect the sev erity of hemo 
l>tic transfusion reactions, it appears that in general immune isoanti 
bodies are of greater significance than natural isoanttbodies While 
there is a rough correlation between the titer of the isoanttbody in 
in iilro tests and the seventy of the reaction, serious hemolytic re 
actions have occurred in absence of any demonstrable isonniibodies 
Presumably, the antibodies in such cases are bound to cells, perhaps 
cells Aixd>apparenlly other properties of the isoanti 
bodies are of greater significance than their behavior m itlro with 
respect to temperature, for severe reactions have resulted when the 
tsoanUbodies in the patient’s serum had properties of “cold ’ agglutinins 
as well as in cases with such antibodies behaving like warm agglu 
tmins 

"ttiener Jour Immunol 41 81 (1941) 

’ \\ lener and Foist Proc Soc Exp Bid and Med 47 215 (1941) Uiener 
Amcr Jour Ctm Path 12 502 (1942) 
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Autoantibodies, in contrast to isoantibodies, seem to have little or 
no significance for the outcome of transfusions The present author 
has observed many patients whose sera contained autoagglutimns 
active at room temperature tn vttro and who were transfused without 
the occurrence of any reaction, there being the usual rise in hemoglobin 
following the transfusion Antopol, Appelbaum and Goldman’* de- 
scribe two patients with acute hemolvtic anemia (due to sulfanilamide 
therapy) who responded satisfactorily to tran'^fusion therapy despite 
the presence of autoagglutimns in their sera The author has observed 
a case of acute hemolytic anemia due to paroxysmal hemoglobinuria 
in a colored syphilitic woman in which the hemoglobin concentration of 
the blood was raised without difficulty from 2S per cent to its level 
before the attack of about 80 per cent despite the presence of auto 
antibodies in the patient’s serum (positive Donath Landsteiner re- 
action) Hemolytic transfusion reactions occurring in patients with 
hemolytic icterus given repeated transfusions have been attributed 
to autoantibodies known to be present m such cases (cf page 86), but 
the possibihty\of isoimmunization also must be considered as an ex 
planation However, that autoantibodies of a special type may on rare 
occasions be responsible for hemolytic transfusion reactions cannot 
yet be excluded entirely (cf page 42 ) In all cases with strong auto 
agglutination, the author carries out a biological test using a small 
amount of the prospective donor’s blood, andean attempt is made to 
keep the blood warm during the infusion, care being taken to avoid 
overheating 

Pseudoagglutination (or rouleaux formation) has not been found 
to play a significant role in post transfusion reactions 

Finally, it must be mentioned that hemoglobinuria, occasionally 
associated with oliguria or anuria with retention of non protein nitro 
gen, has followed transfusions of blood hemolyzed as a result of ex 
posure to excessive heat or freezing or due to prolonged storage 
Symptoms ’* The signs and symptoms of transfusion hemolysis vary 
considerably in different patients, m some being mild or mapparent, 
in others severe, and in rare cases causing almost immediate death 

A typical hemolytic transfusion reaction has the following course 
During the injection of the blood, sometimes after the injection of as 
little as 10 c c of blood, the patient complains of fullness m the head, 
precordial oppression, generalized tingling sensations and later of a 
sudden sharp pain in the lumbar region, the latter s>mptom being 

“JoKr Amer Med Assoc 113 48S (1939) 

”C/ Bordlej Arch Int Med 47 28S (193!) Goldnng ami Graef Arch Ini 
Med 58 825 (1936) 
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pathognomonic of the transfusion of incompatible blood Inspection 
of the patient during the reaction reveals suffusion of the face, dis- 
tention of the \eins of the neck, restlessness and anxiety, dyspnea 
and coughing Collapse may follow, with rapid feeble pulse and cold 
clammy skin, nausea and vomiting, at times resulting in death 
Naturally, these symptoms may not be noticed in patients under the 
influence of an anesthetic. On the appearance of any untoward symp- 
toms, the transfusion must be discontinued at once, and if collapse 
supervenes to 1 cc of epinephrine hydrochloride (J 1000) should 
be administered by hypodermic and repeated as required until the 
patient rallies As a rule, within an hour after the onset of the reaction 
there is a severe chill, followed by a sharp rise in temperature, and 
this terminates what may be considered the first phase of the reaction 
In some patients there is no immediate reaction to the transfusion 
but about one hour after the transfusion the reaction begins with a 
chill and fever as the outstanding symptoms Not infrequently a hemor- 
rhagic tendency develops immediately after the transfusion, and blood 
may ooze from the site of the transfusion, from the gums, uterus (in 
postpartum cases) or any fresh puncture made in the skin for the 
purpose of treatment If a urine sample is obtained at the end of the 
first phase the urine will be found to be dark red m color, containing 
free hemoglobin but few or no red cells 

If the patient survives the immediate reaction, there follows a period 
of apparent improvement (known as the interv’al phase) but associated 
with oliguria or complete suppression of urine Icterus may be notice 
able on the day following the transfusion, and this usually disappears 
within a few days There is apparently no simple relationship between 
the depth of the icterus and the amount of blood transfused In the 
meantime, because of the anuria nitrogenous waste products accuniu 
late in the blood stream, and after a variable interval the symptoms 
of uremia appear, usually quite suddenly All the signs and symptoms 
of renal failure are now evident (renal phase), stupor conxuKions and 
' coma set in, often associated with generalized edema and purpura 
Recovery occurs in about half the cases, this being heralded by the 
abrupt onset of diuresis 

As has already been mentioned, in atypical cases the immediate re 
action is lacking or overlooked, the first sign being a chill In other 
cases, the chill and rise in temperature may be so mild as to be un- 

“ It IS of intere«t to note that after an3ph>Urtic shock the blood has a tendency 
to coagulate slowly or not at all 5ee Arthus [/IrcA Intern Physiol 7 471 n009)J, 
BiedI and Kraus [If'im him Woch 22: 363 (190®)] and reyiewb> [Medicine 

16. I2S (1937)] 
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noticed, and the existence of a transfusion reaction not be suspected 
until the patient goes into uremia On the other hand, some patients 
reco\er completely from the immediate reaction and never develop 
an> signs, or symptoms of renal insufficiency, especially when the 
quantity of incompatible blood injected is small In a few cases, the 
appearance of urticarial eruptions on the skin have been noted and on 
rare occasions petechiae have been observed immediately following 
transfusions of incompatible blood The petechiae have been attributed 
to occlusion of small arterioles by agglutinated cells, and this is believed 
to be particularly apt to occur on repeat transfusion of blood of an 
incompatible group (as A to O) on account of isoimmunization In 
such cases, moreover, almost instantaneous death may occur due to 
massive agglutination of the donor’s cells with cerebral and cardiac 
embolism 

Diagnosis Because of the variability of symptoms of transfusion hemol 
ysis in different patients, such cases not infrequently offer difficulties 
m diagnosis The chill and fever of a hemolytic reaction may be con 
sidered a simple ngor and, in fact, the symptoms at times are so mild 
as to be entirely unnoticed Uremia of transfusion hemolysis occurs 
so long after the transfusion that its connection with the transfusion 
may not be suspected, and (he patient’s death in such cases has often 
been ascribed erroneously to the underlying disease On the other 
band, in septic patients, chills occurring shorlh after the transfusit 
are sometimes coincidental and caused by the infection rather tht 
by the transfusion The author has observed the occurrence of hem' 
lytic anemia in a septic patient which wa» ascribed to blood Iran 
fusion, but was actually caused by sulfonamide therapy Finally, it 
difficult to decide whether immediate death following a transfusion 
due to incompatibility of the bloods or to acute cardiac failure 
\I hen a reaction follows a blood transfusion, a sample of the patient 
blood should be drawn at once, preferably during or shortly after tl 
chiH, in order to determine whether or not there has been hemolysi 
The serum separated from the blood clot will usually contain fri 
hemoglobin if the reaction was due to hemolysis Oehlecker” believe 
that in most of the cases reported in which no hemoglobin was found 
in the patient’s serum the results were not valid because the patient’s 
blood was not examined soon enough In animal experiments in which 
Oehlecker transfused incompatible blood, he found that the concentra 
tion of hemoglobin m the serum reached its maximum within a minute, 
then rapidly fell for a few minutes until it had dropped to half the 
maximum value The remainder of the hemoglobin was excreted much 
“Oehiecker, Die Dlullransjiaton Vienna (1933) 
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more slowly, but within 4 or 5 hours as a rule, there was no longer 
any demonstrable hemoglobinemia. Following transfusions of old bank 
blood in man, the present author has obser\ed that the patient’s serum 
during the first two or three hours contains free hemoglobin; within 
a few hours the color of the serum changes from orange to deep yellow 
(bilirubinemia), and this color fades within 24 to 48 hours These 
changes may occur m the absence of any untoward symptoms 





Fio 36 Changes in IsoAccLirriNiN Titers or the Seruji or a 
Group 0 IndimdUAL Resulting from the Transfusion 
OF Group B Blood 


It ma> be worth-while to examine smears of the patient's blood at 
the height of the reaction for evidence of erythrophagocytosis Hop- 
kins'® observed m blood smears made immediately after a transfusion 
of incompatible blood that the polymorphonuclear neutrophilic leuco- 
cytes contained an average of one to six phagocytosed erj'throcytes 
Ottenberg and Kaliski” were able to demonstrate phagocytosis of the 

"Arch !nt iled 6: 270 (1910) 

"Jour Amtf ifed Asfoc 61' 2138 (1913) 
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red blood cells in 3 patients given transfusions of incompatible blood 
As has already been pointed out, urine passed after the transfusion 
of incompatible blood is smoky red m color due to the presence of 
hemoglobin According to Oehlecker, hemoglobinuria does not occur 
unless at least 60 to 80 c c of blood is hemolyzed, and recent work 
has shown that the concentration of free hemoglobin in the plasma 
must exceed a certain level before any passes through the kidney It is 
important to examine the first urine sample passed after the transfu 
sion, since hemoglobin is often present only in this single sample The 
coincidental presence of blood in the urine due to metrorrhagia or 
hematuria should cause no confusion because in these conditions numer 
ous intact red cells will be found m the urine and anuria does not 
develop 

When a reaction occurs, the samples of blood taken from the patient 
and donor before the transfusion should be retested At most hospitals 
these samples are preserved in the refrigerator for 3 or 4 days after the 
transfusion for just this purpose It may also be wise to test fresh 
blood samples to rule out any acadental interchange If the blood 
samples have been discarded and fresh samples cannot be obtained, 
indirect evidence may be obtained by titrating the isoagglutimns m 
the patient’s serum For example, in a group 0 patient if the titer of 
the anti B agglutinin remains at about an average level after the trans 
fusion, but the anti A agglutinin has a very low titer immediately after 
the transfusion but rises to a very high level within a vveek or ten days, 
this y> ould indicate that the group 0 patient had received group A blood 
As an example, figure 36 can be consulted, in which are charted the 
changes in isoagglutinin titer resulting from the transfusion of 500 c c 
of group B blood into group 0 individual ** The titer of the anti A 
agglutinin remained practically constant at approximately 32, through 
out the period of observation On the other hand, the titer of the anti B 
isoagglutinin was only 1, two hours after the transfusion, and rose to 
512 on the 13th day following the transfusion '* The exceptionally low 
titer of the anti B agglutinin immediately after the transfusion was 
evidently caused by absorption of the isoagglutinin bv the injected 
B blood, and the subsequent rise to the exceptionally high level of 512 
represents m all probability an immune response to the foreign blood 

Hemolysis due to intragroup incompatibility offers somewhat greater 

“Incidentally aside from the initial chill fever bemoglobmemia and hemo 
globmuna this patient apparently suffered no serious effects from the transfus on 
of incompatible blood 

”In a second case seen by the present wnter where a group A patient was given 
300 cc of group AB blood a similar rbC m the titer of the 0 isoagglutinin was ob- 
served Also see R»p Ada chtr scand 80 283 (1938) 
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djfiicuUies in diagnosis" If the patient and donor belong to different 
M N types, it maj be possible to demonstrate that all the donors 
blood has been eliminated from the patient's circulation and in this 
waj to establish a diagnosis On the other hand, if there i® no evidence 
of disappearance of the donor's blood, one is not dealing with a henio 
l>tic transfusion reaction If patient and donor belong to the same M N 
t>pe It IS still possible to arrive at a decision m cases where universal 
donor blood has been u^ed for patients of group A, B or AB and pos- 
sibly where patient and donor both belong to group A or group AB 
but to different subgroups Mhere the above tests prove that hemolvsis 
of the donors blood has occurred, an attempt should be made to 
demonstrate the presence of irregular agglutinins in the patient s «erum 
and to determine their nature Where the patient is found to be Rh 
negative and the donor Rh positive anti Rh isoaniibodies. will not 
eeldom be found in the patients serum*” If the tests on the pre 
transfusion sample arc inconclusive lhe> should be repeated on sample- 
drawn S to 10 (lavs after the transfusion Tests on blood drawn imme 
diatelv after the transfusion arc likclv to be uninformative because 
of the so called negative phase 

Pathogcncvs The exact mechanism re-ponsible for the s>mptom5 of 
hemolvtic reactions is not compleielj understood The incompatible red 
blood cells are apparentlv disposed of in part bv er> lhrophagoc> to is * 
but in the acute cases destruction of the donors blood cells results 
mainly from the direct hemol>tic action of the circulating i oanti 
bodies \s already mentioned when such circulating isoaniibodies are 
of very high titer it has been assumed that agglutination of the donor s 
cells wath embolization may result 

It IS now generallj accepted that the renal symptoms are caused b> 
the hemoglobin released from the donors broken down ervlhrocyies 
A similar s>ndrome has been ob-erved occasionally in cases of par 
oxvsmal hemoglobinuria* blackwaler fever,** and acute hemolvtic 
anemia from sulfapyridine** and quinine* therapy As Tairley has 
pointed out extracorpu«cular hemoglobin even from an individuals 

" \\ lener and Tciers tnn Jn\ Mfd 13 2306 (1910) \NieneT Path 32 
22 (1941) Uiener Amer Jour Clin Folk 12 189 (1942) 

* Pro?«blv throuch 'he herooiropic aclion of the isoantibod es (f Htkiwn 
Jour Inf Du 3 721 (1926) 

“Unpublished ob'ervalions 

”\orl.c and Nau's Ann Trap Med 5 28" (1911 1912) Dud^ Jour /7)g 
19 203 (1920) 

’ Ravi 1 and Chesner Amer Jour Med Set 119 380 (1940) 

“Tcrpbn and Gavert Jour ^Iwer Mtd Auoc 106 529 (1936) 
iled Jour 2 213 (1940) 
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own blood cells is treated as a foreign substance by the body and is 
disposed of very promptly Part of the hemoglobin is absorbed by the 
reticuloendothelial s>stem and part is broken down in the blood 
stream to methemoglobin and other hemoglobin denvates hen the 
concentration of hemoglobin m the blood exceeds a certain level, the 
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Fig 37 Photomicrocrapk of a Section op a Kidney ln a Hemolytic Reaction 
(After Goldring and Graef) 

Th s demonstrates p gmented granular mas es obstructing the collecting tubules 

hemoglobin passes out through the kidneys and in this process the 
kidneys may be damaged 

As to the mechanism by rYhich damage results two mam explana 
tions have been suggested (I) TTie tubules are mechanically blocked 
by acid hematm interfering with the excretory function of the kidney 
(2) the hemoglobin and other noxious products released by the hemo 
Ivtic reaction have a direct toxic action on the renal parenchyma and 
also cause a spasm of the renal artery -suth resulting reduced filtration 
pressure 

The theory of mechanical blockage probably dates back to Ponfick** 
"lircioirs irch f path Anal 62 27J (1873) 
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who observed the presence of Wood pigment casts in the Vjdne> s of 
dogs transfused with blood from other animal species In studies on 
experimental hemoglobinuria in animals, Yorke and Nauss, * Baker 
and Dodds,” and DeGowm, Oiterhagen and Andersch*® noted the 
importance of the urinary pH on the outcome of the transfusion Baker 
and Dodds stated that when the urine is alkaline, the hemoglobin re 
mams m solution and passes out through the kidney without damaging 
it, while when the urine is aad the hemoglobin is con%erted into 
acid bematin which blocks the tubules However, the occurrence of 
liver necroses in hemolytic transfusion reactions, black water fever 
etc , point to come toxic action of the hemoglobin or some other sub- 
stance released by the hemolytic process If, as Hesse and Filatov,*' 
suggest, the'^e noxious products released by the hemolytic reaction also 
cause a spasm of the renal artery, not only could this produce a reduced 
filtration pressure but it might also account for the sudden sharp 
lumbar pam experienced by the patient during the immediate reaction 
Possibly both mechanisms play a role in damaging the kidneys and 
recent work appears to confirm the importance particularly of urinary 
pH m the outcome of hemolytic transfusion reactions *“ 

Pathological Anatomy In onl> comparative!) few cases of death after 
the transfusion of incompatible blood have investigations been made 
on the pathological anatomical changes ** 

Postmortem examination of patients who died immediately after the 
transfusion may reveal multiple thromboses (including the capillaries) 
In patients who died in uremia, changes are seen m the kidne)S These 
are usually found to be swollen and the pyramids appear darker in 
color Jlicroscopically, there are degenerative changes m the tubular 
epithelium said to resemble those ‘‘ecn m mercurial poisoning and the 
tubules contain bromiish pigmented material and pigment casts fcf 
fig 37) Droplets of a similar material are found in the epithelial celk 
In the interstitial tissue there is edema and cellular infiltration 

In a number of cases necrotic foci were seen in the liver on microscopic examma 
tion Lindau has described severe hemorrhagic and ulcerative changes in the colon 
which would account for the occa*u>nal occurrence of bloody diarrhea in patient 


-Ann Trap Med S 287 (1911) 

Jour Exp Patk 6 24“ (1925) BaLer Lancet 1 1390 (1937) 

’*Arch Jnl Med 59 432 (1937) Also aee DeGowm SSamer and Randall 
Arch Int Med 61 609 (1938) 

* ZentraU J Cktr 59 2674 (1932) 

"However cj DeNavasquez Jour Path and Bad 51 413 (1940) 

’‘Undiu Acta path scand S 382 (1928) Baker and Dodds toe ci/ Bordley 
loc at Lemke \trehowjArck 257 415 (1925) Goldring and Graef ,4rfA Jnt 
Med 58 825 (1936), etc Also tee DeC«»in W arren and Randall Arch Int Med 
61 609 (t958) 
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suffering from hemolytic reaciionj In other organs pathological changes have been 
noticed at times for example pm pomt hemorrhages in the «erous membranes and 
m the kidneys and Iner 

Prognosis and Treatment As has already been mentioned, the transfu 
Sion of incompatible blood ts not alnaj^ followed by severe hemolytic 
reactions With mild reactions, ‘^uch as chills and fever without urinary 
suppression, recovery is the rule However, once a typical hemolytic 
reaction with uremia sets in, whether due to intra or extra group in 
compatibilitj of the blood, the prognosis is grave In Bordley’s senes 
of 17 cases, mostly compiled from the literature, 11 patients died, 3 out 
of 7 patients died in the series reported by Goldring and Graef The 
height of the uremia occurs m the 8th to i2th day, death may occur 
between the 4th and 1 8th day In most cases, uremia is the cause of 
death, but in a few instances” death was due to exsangumation resulting 
from the hemorrhagic tendency that developed immediately after trans 
fusion 

Treatment should be directed to induce the onset of diuresis For 
this reason intravenous injections of dextrose and saline solutions may 
be beneficial In a case reported by Bancroft,** decapsulation of the 
kidneys was performed when the patients condition seemed desperate, 
and this was followed by marked diuresis and gradual recovery Treat 
ment with alkalies has been advocated by Baker and Dodds,** based 
upon their concept of the pathogenesis of the condition Sodium bicar 
lonate in doses of 10 grams four times daily is well tolerated by mouth 
and usually sufficient to keep the urine alkaline Mandelbaum” points 
out that the use of larger doses may cause alkalosis m these patients, 
because of the lack of adjusting power of ‘he kidneys 

Some authors advocate the Touline administration of alkalies before and after 
each transfusion as a prophylactic measure As an emergency procedure the inlra 
venous injection of 100 c c of 3 8 per cent sodium citrate solution is recommended 
because of the ready availability of this solution Others particularly Hesse and 
Filalov‘^ recommend the immediate and repeated transfusion of certainly compatible 
blood These authors claim excellent results, specially nbere blood of an incorrect 
group was onginaUv transfused 

ReacUons Follouing the Intramuscular Injection of Blood The intramuscular m 
jection of whole blood has been 'uggesled for instance for the prophylaxis of 
measles and the treatment of hemorrhagic disease of the newborn (cf page 84) 
W hen blood is giv en by this route preliminary blood group ng is considered unnec 
essary Still intramuscular injections of incompatible blood may give ri'e to re 

" Parr and Knschner loc cil , Abramson Jour Lancet SOa (193S) Wiener 
and Peters Ann Int Med 13 2306 (1940) 

*‘Ann Snrg 81 733 (I92S) 

“5ril Jour Exp Path 6 247 (t925) 

"Ann. Int Med. 12 1699 (1939) 

” Zentralbl f Ckir 59 2674 (1932) 
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actions in a 'mall percentage of ca«es, though without serious con'equcnces 

Such obscrs-ations were made by Kai'er,** who injected 10 to 15 cc of blood 
intramuscularly into each of 21-1 children and noticed the de\eJopment of sjTnptoms 
in 5 children Rapoport and Stokes'* bad >cry similar results m a much larger senes 
A l>pical reaction maj be described as follows After an incubation period s'aoing 
between 2 and 10 days, there is a rise in temperature, at limes as high as 104*F. 
associated with malaise and leucocytosis, and redness swelling, heat and pain at 
the site of injection These s>'mptoms last (rom 2 to 7 (Ja>s In 17 such cases inses 
tigated, the cells of the donors were found to be incompatible with the sera of the 
recipients This pro\es that when reactions occur, ihej are caused b> the injection 
of incompatible blood 

MINOR RE/\CTIONS FOLLOWING DLOOD TRANSFUSION 

With present-day technic, hemolytic reactions are rare; on the other 
hand, minor reactions (chills and fever) are not infrequently encoun- 
tered The latter are far less serious. Practically all the minor reactions 
are due to non-specific agents, but a small percentage can be traced to 
incompatibility between the bloods of donor and recipient {cf page 127) 
The incidence of reactions following transfusion ranges from I to 30 
per cent or higher, varying greatly in the reports of different operators 
Since, as can be concluded from the following discussions, most of these 
minor reactions are preventable, a high incidence (about 5 per cent) 
IS a reflection on the method of transfusion 

When a rigor occurs following a transfusion, step? should be taken 
immediately to determine its cause, in order to prevent the occurrence 
of further possibly more serious reactions in the same and other pa- 
tients It is most important first to exclude errors in blood grouping or 
intragroup incompatibility, since a sub-equent transfusion to the same 
patient could in such instances give rise to dangerous hemolytic re- 
actions After excluding incompatibility one should then consider the 
following causative agents: Incipient coagulative changes m the blood 
(or frank clotting), and probably most important — the presence of 
foreign matter, in particular so called “pyrogens,” in the apparatus or 
solutions While for a long time atrate was considered to play an im- 
portant part in post-transfusion reactions, as was pointed out on page 
95, recent work has proved it to be harmless even when relatively 
large doses are administered 

Foreign Hlatlcr Denied from the Apparatus Some of the reactions to 
blood transfusion can be attributed to the accumulation of blood clots 
or of debris, which remain in the apparatus and needles after stenliza 
tion Proper cleansing of the apparatus as outlined on page 131 helps to 
prevent such accidents, and it is advisable to flush the apparatus with 
saline immediately before use 

■A'r Stale Jour of iled 33 521 (1933) 

” Atner Jour Dn Child 53: 471 (1937) 
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Soluble toxic substances present m new rubber tubing may cause 
violent and even alarming though almost invariably not fatal, symp 
toms (cf f?g 38) Such reactions can be prevented by soaking new 



Fic 3S Severe Chill ano Fevtr Following Blood TRAssrosiov 
The patient was transfused to combat aneirua caused by a bJeedinj duodenal 
ulcer Following the first transfusion there were no untoward symptoms but one 
half hour after the second transfusion the patient had a se\ere chill lasting 30 
minufcs The IcmperaCure rose abruptly from 10t*F to 106*^ On investigation 
It was found that there had been chills and fever following other blood transfusions 
performed on the same day though not quite is severe and that on the day m 
question a new lot of rubber tubing bad been put into uve There were secondary 
rises in temperature for two days following the transfusion reaction but thereafter 
the temperature was normal Despite the reaction the hemoglobin rose from 6 1 
gms per 100 c c b-fore the 1st transfusion to 10 1 gms per 100 c c after the 2nd 
transfusion the bleeding ceased and the patient made an uneventful recovery 

rubber tubing in normal sodium h 3 rdroiide for SLt hours, being careful 
that all pa rts of the lumen are reached,” and then rinsing with distilled 
**Bu«man Jour Lab and Cfi« Wed 5 693(1920) 
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\%atei Tubing ■which has been treated to remo\e the soluble toxic sub 
stances is available commerciallj 

Reactions caused by the presence of foreign matter or b> the use of 
nev. rubber tubing can be recognized because they tend to occur m 
batches They not infrequently result from a change m personnel when 
the duty of preparing the transfusion apparatus is assigned to an in 
experienced person 

Incipient Coagulatne Changes Some reactions have been attributed to 
incipient coagulative changes in the transfused blood before it reaches 
the patient s circulation The occurrence of such changes might account 
in part for the greater coagulability of the patient’s blood after trans 
fusion Satterlee and Hooker^’ suggest that the blood altered by its 
passage through the transfusion apparatus undergoes coagulative 
changes after reaching the patient s circulation but that the changes are 
too minute to be detected by ordinary methods 
Occurrences of this sort are prevented by carrying out transfusions 
of unmodified blood expeditiously and with the citrate method by the 
correct adjustment of the louriuquei on the donor s arms and the use 
of a large gauge needle properly inserted into the vein to insure a free 
flow of blood 

Pyrogens The importance of so-called “pyrogens substances prob 
ably of bacterial origin as a cause of febrile reactions following intra 
venous injections has been recognized for many vears, but only recently 
has this knowledge been applied systematical!) for the prevention of 
transfusion reactions 

The occurrence of chills following intravenous injections is a disturbing complica 
tion the cau«e of which was not understood for a long lime These reactions were 
at first ascribed to chemical impurities m saline and glucose solutions or to the 
direct action of the drugs administered such as salvar^an t\ echselmann^ showed 
however that when frcshlj distilled and bactcru free distilled water was used for 
preparing salvarsan solutions such reactions did not occur From supposedi) sterile 
solutions which gave reactions on Ibe other hand he isolated a gram negative 
spore bearing bacillus and he therefore postulated that the reactions were caused 
by contanimation rather than the salvarsan itself Shortly thereafter Hart and 
Penfold** showed that sterile chem cally pure d stilled water injected shortlj after 
distillation does not produce fever but on standing substances named pjrogens 
by them appear in the water which arc not removed by Berkefeld filtration These 
were believed to be of bacterial ongin even though the centrifuged sed mcnl of 
bacterial bodies when injected did iiot produce fever Hart ard Tenfold noted that 
some pjrogens gave ri'c to a bte continuous fever others to an immediate fugitive 
fever 

Seibert** showed that intravTnoos solutions prepared from ordinary lahoratorj 

'‘Jour Amer Med Assoc 66 618 (1916) 

*> Munch med II och 8 1510 (1911) 

'‘Bnl Med Jour 2 1589 (1911) 

" Amer Jour Physwl 61 90 (1923) 71 621 (1923) 
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distilled water usually gave febrile reactions On the other hand she showed that 
impurities such as silicates dissolved from containers or particles of cork do not 
cause such reactions Tap water during certain months was found to contain pyrogens 
while at other times it caused no febrile reactions From p>Togeiiic tap water Seibert 
isolated a small rod like gram negative baallus and showed that filtrates of cultures 
of this bacillus m relatively minute doses were capable of causing severe febrile 
reactions The substance was relatively beat stable being destro>ed only bj long 
heating More recently Fui and Schnft*® who studied cultures of a vanety of 
pathogenic and non pathogenic bacteria found that the capacity to produce pyro 
genic substances is not confined to special organisms 

The observations on the role of pyrogens m febrile reactions to mtra 
venous infusions are also applicable to blood transfusions If the dis 
tilled water used for cleansing the apparatus and preparing the citrate 
and saline solutions is pure, such reactions can be prevented Probably 
most of the reactions formerly ascribed to citrate were really caused 
by the distilled water used to dissolve it ** 

Pyrogen free distilled water can be obtained, as suggested by Seibert, 
by using an all Pyrex glass distilling apparatus with a spray catching 
trap If the water is not used within a few hours, it should be autoclaved 
m order to sterilize it and then stored All solutions must be prepared 
with such water and chemically pure reagents and sterilized within 
two hours 

Used apparatus should be disassembled and all parts mechanically 
cleansed, flushed with running tap water and then immediately rinsed 
with several changes of the pyrogen free distilled water in order to 
remove all traces of the tap water The apparatus is then dried in air, 
reassembled and autoclaved within two or three hours in order to allow 
no opportunity for bacterial development in traces of water remaining 
in the apparatus With new rubber tubmg, as already mentioned the 
cleansing should be preceded by treatment with alkali, either soaking 
the tubing in alkali for 6 hours or autoclaving it m the alkali for IS 
minutes New glassware or glassware difficult to cleanse mechanically 
should be treated with sulfunc acid dichromate solution, and then 
erfearrsed as oerrimed abov^ 

In this connection Seibert’s observations that hemolysis per se, pro 
duced in experimental animals by injection of distilled water, does not 
cause rigors is in line with recent observations on stored blood Earlier 
reports that blood more than 10 days old gave severe reactions can be 
ascribed to the use of an open technic of collecting blood, resulting in 
contamination which may become appreciable m amount after the 
blood has been stored for a while m the refrigerator With the newer 

“/our lab andCUn Med 27 569(1941) 

“Cf Wiener Oremland Hyman and *kunvMck Amer Jour Cltn Path 11 102 
(1941) 
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closed nicthods of collecting blood no such correlation m the incidence 
of chills and the age of the blood has been observed, even though very 
old and obviously hemolyzed blood is transfused. As was pointed out 
previously, however, the use of old blood is objectionable on other 
grounds (cf. page 114). 

REACTIONS or ALLERGIC TVPE 

Symptoms of varying severity, simulating allergic phenomena, are 
not infrequently observed after blood transfusions Usually they can 
sist merely in urticaria (and eosinophilia) and respond to small doses 
of adrenalin Blottner^’ and Traum** have described instances of shock 
following repeated transfusions of compatible blood from the same 
donor 

Duker and Slofcr" observed allergic symptoms m food sensitive per- 
sons receiving blood from donors who had ingested the offending food 
shortly before the transfusion According to Brem,*" such sequelae can 
be prevented by the use of fasting donors 

In Ihis connection, a ca<c reported by C>0rsy and \\itcbsk>'' is of interest An S 
vear old child (croup 0) had been transfused with group 0 blood ‘cicral times the 
father acting as donor on September 6lh (200 cc of blood) and mother as donor 
on September 7lh (iJO tc of Mood) When the child "ftis again transfused with 
the father’s blood on September 27lh (200 cc ) signs of severe 3naph>lseUc shock 
appeared (The pul«e became (hreid> there was a Irao'ienl gtneraluec! i.r>(hema 
of (he skin and edema of the face ) Sub>quen(iy, it was dumonstraled b} means of 
skin testa that the child was sensitive to the fathers <erum though not sensitive to 
Its own or the mother's serum The chitds serum also gave pouiive complement 
fixation reactions with the father’s scrum 

As G>arg> and \Vittb<kv point out this might indicate that the child was h>pir 
sensitive to some individual specific substance m the fathers serum but it could 
also be explained b> assuming hjiKTrscnvilrntj to some foreign food circulating in 
the father’s serum 

Related to the problem of allergic reactions to blood transfusion is 
the passive transfer of sensitiveness from donor to patient Ramire? ‘ 
was the first to mention this possibility when he described the occur 
rence of horse astlima in a man who had been transfused two weeks 
previously Holder and Diefenbach'* reported the passive transfer 
Irom donor to patient ot sen^'ivcness to bTraw^mifs, wWti is s-ari to 
have persisted for three months. Garver*' transfused three patients 

” Dfutsclie nicil W'ocJi 50' S99 (|024) 

" Deutsche Ztsehr j Cbir 237: 97 (1932) 
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each with 500 c c of blood from donors with multiple sensitiveness and 
detected cutaneous sensitiveness in the patients to such antigens as 
spinach, horse dander, timothy weed and ragweed pollen as early as 
14 hours after the transfusion, the reactions reaching their maximum 
by the fourth or fifth day and largely disappearing by the fourteenth 
day In a similar study, using ragweed sensitive donors, Loveless^* 
demonstrated the passive transfer of their hypersensitivity to recipi 
ents previously not allergic to pollen Loveless showed that the '^ensitiz 
mg factor (reagin) in the transfused blood was quickly removed from 
the patient s circulation and was taken up by the skin conjunctiva and 
nasal mucosa The skin was found to be the first of these tissues to 
acquire «ensitivly (as early as 1 to 2 hours after the transfusion) and 
last to relinquish it (sensitivity being demonstrable by skin tests for 
periods up to 3 months) 

Probably man> of the so called cases of allergic shock following transfusion are 
reall> instances of speed shock In experiments on dogs Huschfeld Hjman and 
Hanger* showed that fopid intravenous injections of fluid gave nse vsjthm 40 to 
60 seconds to cardiac failure a sharp drop in the blood pressure and respiratory 
distress 

COMPLICATIONS OF TRANSFUSION 

Aside from the reactions described certain other disturbances and 
complications are occasionally observed following blood transfusions 
Patients sometimes complain of severe headaches dizziness, and a 
pounding sensation in the head These symptoms usually are only of 
short duration but may last for several hours Local pam in the arm 
may be complained of during the transfusion caused bv the distention 
of the vein wall as each syrmgefui ot blood is injected In infrequent m 
stances thrombosis of the punctured vein has been observed 

Cerebral hemorrhage or embolism and pulmonary embolism are rare 
complications TTie latter i» evidenced, usually by t dry, hacking 
cough, at times associated with pain in the chest or hemoptjsis either 
during the transfusion or soon thereafter The danger of embolism is 
greatest in cases of subacute bacterial endocarditis and puerperal m 
fections 

M hereas the transfusion of too large an amount of blood may lead 
to overburdening of the circulation and pulmonary edema in the ab 
sence of cardiac di'iease the fairly rapid introduction of 500 c c of 
blood IS well tolerated by the average adult pat ent In this connection 
may be cited the experiments of Eyster,” who found that transfusions up 
to 1 per cent of the body weight resulted in only transitory alterations 

"/oHr Jpmunol 41 15 (1941) 

‘•Arch Int Med 47 259 (1931) 

‘ Cited after Polajes and Lederer Janr Lab and Chn Med 17 1029 (1932) 



134 BLOOD GROUPS AND TRANSFUSION 

of the cardiac size However, it is doubtful whether a diseased heart 
would show a similar compensatory ability and, m fact, Eisenberger” 
has reported an instance of death from sudden cardiac paralysis in a 
patient with mitral stenosis which followed the injection of only ISO 
c c of blood Probablv a number of the other cases of sudden death 
following transfusion which have been reported in the literature can 
be explained in this way This serves to emphasize the advice already 
given to inject the blood slowly, by the gravity method, in all patients 
with cardiac disease or poor myocardial tone 
The impression that transfusions are particularly dangerous if given 
while the patient is under the influence of an anesthetic does not 'eem 
justified There is only the almost negligible danger of overlooking 
symptoms due to incompatibility Cashman and Baker” observed 8 
chills (6 4 per cent) among 12S transfusions on patients not under 
anesthesia, but not a single chill among 12! transfusions performed 
during operations 

While air embolism was an occasional complication of blood trans 
fusion at one time, it is generally assumed that with modern technique 
this danger is completely eliminated However, Simpson*® has recently 
reported five air accidents occurring during transfusions m one case 
the mere insertion of a cannula into the antecubital vein permitted 
enough air to be introduced to kill the patient To avoid this com 
plication It IS recommended that during the infusion of the blood the 
clamp used to regulate the rate of flow be placed only a short distance 
above the recipient needle instead of between the dnp regulator and 
the reservoir containing the blood 
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CHAPTER IX 


TRANSFUSION OF STORED BLOOD, PLASMA 
AND SERUM 

When an indication for blood transfusion arises the best results will 
usually be obtained with fresh blood However, depending on circum 
stances, the use of stored blood has its advantages In civil life blood 
may be urgently required in some small outlying community, in which 
no suitable blood donor can be found The citrate method lends itself 
admirably to the solution of such problems, since the donor’s blood 
can be drawn into citrate solution and transported to the patient’s 
home Situations of this sort arise most frequently in war time, and the 
first extended experiments with stored blood were made during World 
War I Robertson’ used the method of preservation recommended by 
Rous and Turner,* mixing 3 parts of blood with Z parts of 3 S per cent 
sodium citrate solution and S parts of S 4 per cent glucose solution 
Because of the large bulk of the mixture and the large amount of citrate, 
the supernatant was siphoned off before the transfusion and the cells 
were resuspended in physiologic saline containing a small amount of 
added gelatin Robertson states that he used blood stored as long as 
26 days by this method and among 22 transfusions encountered only 
a single chill 

The transfusion of stored blood was only resorted to sporadically 
after the war, until its use was revived by the investigators Filatov,* 
Bagdassarov, etc , in Russia several years ago The use of stored blood 
was introduced into the U S A at the Cook County Hospital, where 
the ‘ blood bank” idea was originated * This was particularly attractive 
because of the large financial saving made possible by the use of blood 
banks the need for professional donors being almost entirely elimi 
nated By the end of 1939, more than 15,000 transfusions of stored 
bJocd bad been g/wAv iJi Shts cxajotjy, and jhe niAwber cJ such irans 
fusions has been increased enormously since that time by the wide 
spread formation of blood banks, particularly in municipal state or 
county ch aritable hospitals, both in this country® and abroad 

' Bnl Med Jour 1 691 ( 1918 ) Jour Amer Med Assoc 114 520 ( 1910 ) 

'Jour Exp Med 23 219 239 (1916) 

‘Filatov Khtr (Russian) 51 194 (1937) abstracted in /our Amer 1/ d 
Assoc 109 1410 ( 1937 ) 

‘Fantus Jour Amer Med Assoc 109 128 (1937) ibid 111 317 ( 1938 ) 

* Giddings and Kruger //or/’j/fl/j 13 41 (March 1939) Cameron and Ferguson 
Surgery 5 237 (1939) etc 
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Adiantages oj Blood Banks One of the principal advantages of blood 
banLs is their convenience As soon as the need for a transfusion ari'tes 
blood of the proper group is obtained from the bank, and this is re 
placed later on with blood taken from volunteer donors, regardless of 
their groups, provided by the patient’s familv The collection of blood 
the grouping and Wassermann or flocculation le«ts can be earned out 
more conveniently by taking several donors at one time From the 
patient’s standpoint, the existence of a blood bank at a hospital is a 
safeguard in emergencies and during major operations, since blood of 
the proper group is always at band when needed 

If more than one relative or friend appears at the blood bank the 
usual procedure is to take blood from all of them, even though the 
patient is given only a single transfusion This is necessary in order to 
maintain a positive bank balance, and to allow for possible waste and 
spoilage In this nay also blood becomes available for patients who 
have no friends or relatives that can act as donors Thus the need for 
professional donors is practically eliminated except for certain rare 
cases (eg, intragroup incompatibilty, patients of group AB) and a 
large financial saving is possible 

Disadvantages and Lmtfattons of Stored Blood for Transfusion Blood 
does not last mdefinitel. even when stored in the refrigerator under 
<terile conditions For reasons pointed out below, at most institutions 
the time limit set for the use of stored blood is ten da>s In order to 
have a good stock of the less common groups, B and AB about 50 
containers of blood taken from random donors are required or suffi 
cient for an average of S transfusions a day However if one resorts to 
the use of group O blood for group B patients and group A blood for AB 
patients whenever blood of the homologous group is not available it is 
possible to get along with a much smaller number of units of blood 
and in this wa> blood banks can be set up in smaller hospitals 

If there is a sudden large demand for blood, the stock of blood 
be depleted On the other hand, a drop in the demand for blood may 
leave the bank with a lot of old blood vvhich can no longer be used 
for transfusion Formerly this blood was wasted but with the intro 
duction of plasma banks a use has been found for this material (cf 
page 149) 

For best results it is necessary to have a large refrigerator (he tern 
perature being thermostatically controlled between 4"C and 6 C Thu 
IS the most expensive, but, at the same time, the most important equip 
ment required Blood stored at higher temperatures has been found 
to deteriorate more rapidly, on the other hand, very low temperatures 
must be avoided as freezing the blood results in destruction of the 
red cells 
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Investigations on the fate of the transfused stored erythrocytes 
in the patient’s circulation have been carried out by Wiener and 
Schaefer, ** using anti-M and anti-N agglutinating sera (cf. page 75) 
These investigators found that while fresh blood or blood only a few 
days old survived for periods up to three or four months, older blood 
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Fic 39 Results or Transfusions or Bank Blood 
Percentage of donor’s blood cells surviving at varying periods following trans 
fusion [Five illustrative cases Period o{ storage (in days) of blood used for 
transfusion is indicated on each curve ] 

[From iled Chn North Amer 24 703 (1940)] 

disappeared from the patient’s circulation sooner, for instance, blood 
stored as long as 2 1 days was found to survive only 24 hours (cf fig 
39). Similar results have been obtained by Levine* and Belk and 
Barnes ' Moreover, Wiener and Schaefer found that while transfusions 
of blood less than 8 days old were not followed by noticeable bili- 
rubinemia, this regularly occurred, at times together with hemoglo- 

"Med Clm N Amer 24 * 705 (1940), Qaarlerly Bull Sea View Hospital 5 
17 (1939) These studies were earned out on blood mixed with citrate solution and 
with no glucose 

‘Personal communication 

'Amer Jour. Med Set 201. 838 (1941) 
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binemia and hemoglobinuria, in patients receiving older blood* In 
view of these findings, blood stoi^ for periods longer than a week 
may be expected to give inferior results in the treatment of anemias, 
and fresher blood would be preferable 
As has already been pointed out, Robertson, in the first transfusions 
m man of stored blood, kept it m a mixture of citrate and glucose 
solutions For simplicity, however, in most blood banks, the blood is 
merely mixed with citrate solution Because hemolysis visible to the 
naked eye sets in later when glucose is added, DeGowin et al * assert 
that the addition of glucose makes blood fit for use for periods up to 
30 days while blood kept in citrate alone should be discarded after 
10 days However, these authors have made no experiments to de 
termine the survival in the patient’s circulation of transfused blood 
cells stored for such long periods of lime, and from tn vttro tests Belk 
and Rosenstein'® believe the period of storage should not be prolonged 
beyond 14 days even when glucose is added as a preservative In this 
connection, Rous and Turner’s observations in rabbits on the fate after 
transfusion of rabbit cells stored m saccharose citrate solution are of 
significance These workers found that blood stored up to 14 days 
functioned normally after transfusion while blood kept for longer 
periods, though intact and apparently unchanged when transfused 
disappeared from the circulation within a few days though this was 
unaccompanied by any signs of hemolysis or any other symptoms 
Autopsy of rabbits receiving blood 14 days old and older revealed 
hemosiderin deposition and erythrophagocylosis by the endothelial 
cells m the «spleen 

The changes which occur i« ulro when blood is stored have been 
the subject of a number of investigations Bagdassarov" found that in 
most media (sodium citrate solution, glucose etc ) there is a progres 
sue increase in the fragility of the red cells even when stored under 
sterile conditions at the optimal temperature, and at the end of la 
days distinct hemolytic changes are noticeable ’* It has also been found 

‘C/ Brc'fter Maizcis Oliver and Vaugbn Bnt 1/rif lour 2 -18 (1040) 
'DeGowin Hams and Floss /auf Amer \Tfd Aisoe 114 8j0 (1040) 

'*Amer Jour iled Sri 201 841 (1941) 

In a recent study Mollison and \oiiDg [Bnt ^led Jour 2 <07 (1941)3 found 
that red blood cells stored in dextrose citrate mixtures persist longer in the recipient s 
circulation than erythrocytes stored in citrate alone confirming the conclusions 
drawn from m iilro studies Cf DcGowin Hams and Bell Proc Soc Exp Biol and 
Mtd 49 481 (1942) DeCowin Hams Bell and Hardin thd 49 484 11042) 
"LeSang 11 466 (I037) C/ Kolmer Amtr Jour ifed Set 197 442 (1030) 
Bell Henry and Rosenstem tbid 198 631 (1939) 

’Defibnnated blood was found to be much more labile than citrated blood 
probably because of the mechanical injury incidental to defibrination For this 
and other reasons (cf page 146) Ihc use ol defibnnated blood is not tecommendetL 
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that the platelets, fibrinogen and leucocytes disintegrate rapidly,'* and 
mthin 24 hours the prothrombin time is so greatly prolonged** that the 
blood is practically useless as a hemostatic agent in hemorrhagic dis- 
eases such as hemophilia and purpura. In infections, one would expect 
as good results from bank blood as from fresh blood, considering the 
stability of natural and immune antibodies when stored in vitro Thus, 
for the prophylaxis of infectious diseases such as measles, stored or 
convalescent serum seems to be as effective as fresh whole blood or 
serum A marked shift of potassium Ions from the erythrocytes has 
been reported by Scudder,'* but in transfusions of stored blood by the 
usual gravity method this should not give rise to toxic symptoms 
Finally, it must be mentioned that when stored blood is used, rigid 
precautions as to sterility are necessary, because even a few micro- 
organisms may multiply into large numbers over a period of time 
For this reason, closed methods of collecting the blood are now used 
by almost all blood banks. Even with rigid precautions, however, some 
samples are bound to be infected, and while the contaminating bacteria 
or fungi are not likely to be pathogenic they can give rise to severe 
chills and fever following transfusion Bacteria can also break down 
or damage the red cells before the usual expiration date and thus give 
rise to hemolytic reactions Routine bacteriological examination is usu- 
ally not carried out, however, because it is laborious, and the mere 
procedure of collecting a sample for culture may lead to contamination 
Jorda” states that an automatic bacteriological control is possible by converting 
the reduced hemoglobin in the stored blood into oxyhemoglobin This he accom 
plished by storing the blood under a pressure of two atmospheres of filtered air 
According to Jorda, accidentally contaminated blood changes color from ruby red 
to dark red or black as the baclena multiplj A simpler procedure, suggested by 
Diggs and Keith,*’ is to mix the blood gently before use, then centrifuge a small 
sample in a test tube and inspect the supernatant far hemoiysis In this waj free 
hemoglobin trapped in the sediment among the red cells can be detected The 
addition to the stored Wood of sulfanilamide,** methylene blue,'* and other drugs 
as preservatives has been suggested, but this idea has not been generally adopted 
Decause concentrations sufficiently high to act as a presciv’ative are likely to cause 
hemolysis 

Reactions to Transfusions of Stored Blood. The reports in the litera- 
ture as to the relative incidence of reactions after transfusions of fresh 

“ Scudder, Bull N F Acad Med 17*373 (1941), C/ Kolmer, loc at 
"Rhoads and Panzer, Jour Atner Med Assoc 112; 309 (1939) 

“ Jour. Amer Med Assoc 112 2263 (1939) 

"Rev Sanid Guerra 1* 329 (1937), Lancet 1: 773 (1939) 

"Amer Jour Clm Path 9: 59t (1939) 

“Novak, 7oar Amer Med Assoc 113: 2227 (1939) 

”Spi\ak and Pelishenko, Eksper. Med Kharkov 1* 21 (1940) These workers 
added meth>!ene blue to concentration Otgms/IOOcc blood 
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and stored blood are conflicting For evample at the Cook County 
Hospital the expiration date was set at 10 days becau«:e an increase in 
the number of reactions was observed with blood kept for longer pe 
nods On the other hind no difterence in the incidence of chills after 
fresh and stored blood transfusions was observed by DeGowin and 
Hardin^ m a senes of 1600 transfusions, or by Hoxworth and Skinner" 
in a senes of 3077 transfusions even when blood stored for periods 
up to 30 days was used The average incidence of chills and fever in 
both these senes was 4 I per cent Finally Muether and Andrews* 
had a paradoxically lower inadence of chills following tnnsfuaions of 
stored blood (18 or 5 3 per cent among 337 transfusions) than of 
fresh blood (42 or 24 per cent among 169 transfusions) 

The rea'^ons for the discrepanaes between these reports become 
evident when one considers the multiplicity of agents that can cause 
chilis and fever after transfusions The incidence of chills after trans 
fusions of jresh blood varies among different workers from 1 to 30 
per cent depending on the care used in cleansing the apparatus and 
preparing the solutions The low incidence of reactions m the series 
of Hoxworth and Skinner and of DeGowm and Hardin can be ex 
plained by the scrupulous cate they exerted over their trxnsfusion 
equipment \\ ith regard to reports of a sharp increase m transfusion 
reactions after 10 days storage this may be due to the fact that the 
technic was still in the process of development in the earlier days of 
the blood bank and possible infection of the blood with bacteria and 
fungi was responsible ” This seems plausible since with longer periods 
of Stonge and multiplication of the microorganisms more violent re 
actions would be expected to result For avoiding other potential 
sources of reactions namely disintegrated leucocytes and platelets 
and precipitated fibrin the use of transfusion apparatus having x stain 
less steel filter drip attachment (cf fig 44) has been recommended 
Since hemolysis is usually detectable in blood more than 14 days 
old and the red cells in blood stored even for shorter periods are notice 
ably more fragile it may be difficult to understand why chills are not 
more frequent when old blood is transfused It ^eems however tl at a 
certirm antacfnC tnf frenarfy zerf bhad cm be tnsected wUheui an} 
ous syanptoms provided it is free from any contamination with 

"Fanlus Arch Path 26 160 (1958) 

” Bnt Med Joir 2 I (1940) 

”Arck Surg 42 496 (1941) 

” Amer Jour Ct tt Path 11 321 (1941) 

’ This appears to be the only reasonable e*f4analion lor the hijh incidence of 
reactions reported by Bapda« arov (6s per cent among a «eries of 2 0 trans 
fus ons) in contrast to the low incidence reported more recently 
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bacteria or chemicals With transfusions of stored blood containing 
larger amounts of free hemoglobin, DeGonin and Hardm observed 
hemoglobinuria of one or two days’ duration but no other symptoms, 
and Muether and Andrews report 13 transfusions of blood 30 to 90 
days old (average 52 days), all most likely badly hemoIy 2 ed, without 
a single chill However, the present author does not approve the trans 
fusion of blood kept for long penods because of the ever present 
dinger of the development of a hemoglobin nephrosis, with resulting 
anuria and uremia (cf page 124) At some institutions, m fact, alkalies 
are routinely administered as a prophylactic before transfusions of 
stored blood in order to prevent precipitation of acid hematin in the 
kidney tubules One reason why untoward results have not more fre 
quently followed transfusions of old blood may be that the sodium 
citrate given with blood helps prevent this complication because it ren 
ders the urine alkaline 

Urticarial reactions apparently occur no more and possibly less 
frequently followed transfusions of stored blood than fresh blood 
Hoxworth and Skinner noting this complication m about 1 5 per cent 
of their transfusions As to the safety of stored blood for transfusion, 
Hoxworth and Skinner reported only two deaths in a senes of 3077 
transfusions, one of which probably had no relation to the transfusion, 
while in a senes of 1600 transfusions reported by DeGowin and Hardin 
there were 2 deaths, neither due to the use of stored blood per se as 
one resulted from incompatible blood and the other from cardiac em 
barrassment The reports of these operators therefore compare favor 
ably with those on the transfusion of fresh blood (cf page 114) 

Teckmc As has already been pointed out, the blood should be col 
lected with a closed system m order to reduce the chance of con 
lamination with bacteria Of the various methods suggested,*® two have 
proved most satisfactory In both methods, a suitable container for 
the blood is required preferably a graduated narrow bottle of hard 
glass The size of the container selected should be such that with the 
jjrqper amount of alrate or atrate glucose solution and blood, little 
dead space remains between the stopper and the upper surface of the 
blood mixture 

In the first method, a two hole rubber stopper is fitted onto the 
bottle, passing through one of the holes is a short glass tube connected 
to a rubber tubing (about 15 indies m length) having an adapter for 
an intravenous needle at the other end In the other hole is a small 
tube with a cotton filter to act as an air vent The author prefers to 


“ Muether and Andrews Arntr Jour Cbn Path 11 307 (1940) , Boland Craig 
and Jacobs Lancet 1 388 (1939) 
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allon the blood to run with the aid of the venous pressure plus gravit> 
but if the operator desires to use suction the gl iss tube used ns an air 
vent can be connected to a suction bulb or suction mouthpiece by a 
piece of rubber tubing \ IS gauge needle is attached to the adapter on 
the distal end of the rubber tubing and inserted into the donors vein 
in the usual manner the collection of blood taking 3 to 10 minutes 
The needle is then withdrawn and the two hole rubber stopper re 



Nole ihe stopper Mth Ihiee or f ces the«c oi Sees do not go 
completely through (he stqiper 

(Prom "Muether Hospital Progress Bulletin 163 Octoler 1941) 

placed by a solid one or better by a screw cap In order to insure 
thorough mixture of the blood and citrate the bottle is gently rotated 
while the blood is being collected and for several minutes after the 
bottle IS stoppered The cilnted blood is then placed in the refrigerator 
at once 

The second method his the advantage that it is unnecessary to 
change stoppers after the blood is drawn The bottle u«ed is similar 
to that used for the first method exc^t that it is closed with a rubber 
diaphragm ^^hen the citrate solution in the bottle is sterilized the 
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stopper is held in place only loosely, but as soon as the bottle is taken 
out of the autoclave, the stopper is forced firmly into place As the 
bottle and solution cool, a partial vacuum develops The only other 
equipment required is a piece of rubber tubing with adapters for needles 
at both ends When the blood is collected, one needle is inserted into 
the donor’s vein, the other is plunged through the rubber diaphragm. 
The blood will then run into the bottle, the rate of flow being regulated 



Fic. 40b Eouipsient roR Drawing Blood Assembled 
Needles perforate the rubber diaphragm over tbe orifices seen in figure 
(From Muetber Hospital Progress, Bulletin 163, October, 1541 ) 

by a needle-valve or screw clamp If through inadvertence the vacuum 
is lost before the full amount of blood is obtained, a needle to which 
is attached a glass adapter with cotton wool filter is plunged through 
the rubber diaphragm to act as an air-vent, and the blood is allowed to 
run by gravity. After the desired amount of blood has been collected, 
the needles are withdrawn first from the diaphragm, then from the 
vein, the blood in the tubing being collected in two “pilot” tubes, one 
dry, the other containing a little citrate solution The pilot tubes are 
attached to the bottle, the blood in these tubes being used for the 
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grouping and 'serological tests The bottle containing the blood is then 
covered with a screw cap and immediately placed in the refrigerator 

Many variations of these two major methods of drawing blood from 
donors can be devised For example, the method just described for col 
lecting blood by vacuum can be modified so that, instead of creating a 
vacuum in the receiving bottle as described above, a suction bulb, at 
tached by adapter to a needle, is used (cf figs 40a and 40b) For the 
transfusion the blood is removed from the refrigerator and allowed to 
warm up to room temperature If the blood is needed at once, there 
IS no objection to administering it while cold, this being far safer than 
to attempt to vvarm the blood up to body temperature, since overheat 
ing can cause hemolysis The simplest procedure is to pour the blood 
into a gravity apparatus and transfuse it by the drip method (cf page 
98) An apparatus with a stainless steel filter (about 100 mesh to the 
inch) IS desirable in order to remove any small clots, fibrin precipitate 
etc that may have formed dunng storage \\ ith the aid of a two hole 
rubber stopper, some glass tubing and rubber tubing an apparatus 
is readily contrived whereby the blood can be administered ivithout 
removing It from the original bottle (cf fig 158) With blood collected 
by the second method, the screw cap is first removed then a long 
needle is plunged through the rubber diaphragm This needle is to act 
as a vent, and its point should be above the level of the blood when 
the bottle is inverted A rubber tubing with stainless steel filter drip 
and an adapter at each end is the only other equipment required A 
short needle attached to the upper end of the tube is plunged through 
the diaphragm of the bottle which is then inverted and hung up on a 
stand The tubmg is allowed to fill with blood and the needle attached 
to its distal end is then inserted into the patient’s vein 

Apparatus for either of the two methods described above com 
pletely assembled and ready for use, can be purchased on the open 
market 

At most blood banks the blood to be stored is merely mixed wnlh 
citrate solution as for fresh blood transfusions This procedure besides 
being more convenient, is most suitable where the blood bank is com 
iwTev? (itih s pfssfns iaffi more siorogs feS p3go iM)f 
modifications of the Rous Turner preservative” have been suggested 
containing less citrate solution than the original one, so that the entire 
mixture of blood and citrate glucose solution can be safelj transfused 
The glucose and citrate solutions must be sterilized separately to avoid 
caramelization DeGowin and Hardin mix every SOO cc of blood 
with 650 c c of 5 4 per cent anhydrous dextrose in water, and 100 c c 

"Teny JUsc ifed Jour 25 123(1926) DeCovun and Hardin he cil 
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of 3 2 per cent dihydric sodium dtrate in water. A disadvantage of 
this procedure is the large bulk of the mixture. 

It is recommended that donors who provide blood for storage be sub- 
jected to the same examinations as donors for fresh blood transfusions. 
While it is assumed that the Spirocheta pallida is killed by five days’ 
exposure to the cold of the refrigerator, still as a precaution at most 
blood banks routine serological tests are made on all donors*' (cf. 
Fanlus) . Gordon** has reported the transmission of malaria to a patient 
as a result of the transfusion of Infected stored blood It might also 
be remarked that the use of bank blood increases the chances for 
clerical mistakes, so that particular pains must be taken in properly 
labelling the bottles and reading all labels before giving the trans- 
fusion Mistakes have already occurred in which the wrong bottle of 
blood rvas used, and hemolytic reactions have resulted in this way. 
Stored Blood in Military Medicine The use of stored blood has its 
greatest usefulness in war time Since in male patients who have never 
been transfused previously, the first transfusion of blood of the homol- 
ogous group has never been reported to have caused a hemolytic 
reaction (cf page 67), the cross-match test is superfluous proWded 
the grouping tests ha%e been carried out accurately (testing both cells 
and serum), and clerical errors are excluded Therefore, if the group 
of the wounded soldier is recorded on his identification tag and stored 
blood of the correct group is available, the transfusion can be given 
at once In emergencies nhere the patient’s group is not known, group 
0 blood can be used- Since blood can be transported hundreds of miles 
within a few hours by airplane, the collection and storage of blood can 
be carried out at one or more central depots, and blood can be shipped 
to the field as required, not too large a reserve being maintained there 
in order to avoid waste This plan is admirably supplemented by the 
use of stored plasma or serum, which because of its greater keeping 
qualities, particularly in the dried state, can be kept at hand at all 
times in much larger amounts. 

TRANSFUSION OF PLASMA, SERUM AND OTHER BLOOD SUBSTITUTES 

History oj Blood Substitutes.^ The present keen interest in blood 
substitutes is easy to understand, considering that in time of war there 

’’As an additional safeguard, Eichenlaub, Stolar and Wode {^Arch Derm and 
Syphilot 44: 441 (1941)3 have suggested the addition of maphareen to the citrate 
solution, 10 mg tor every 500 c c of blood Cf Kast, Peterson and Kolmer, Amer 
Jour Syph . Gon and Yen Du 23: 150 (1940), McCluskie, Lancet 1 : 264 (1939) 

’^Jour Amcr 3/ed Assoc 116: 1200 (1940) 

''Cf Amberson, Biot Ret 12' 48 86 (1937), Report of the Council on 
Pharmacy and Chemistry of the Aircr Med As'oe , Human Blood Plasnu and 
Serum, /our. Awer.-l/ed Assoc 117 : 934(194!) 
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IS need for con''er\ation of time and of blood Dunng the last few 
decades of the nineteenth century there was al«o «ome interest in 
blood substitutes but for quite a different reason The u«e of citrate 
or other safe anticoagulants not being known at that time blood for 
transfusion nas defibrinated by whipping it with egg beaters broom 
bristles and the like In view of this treatment and ignorance of the 
blood groups it is not surprising that the«e transfusions in\anably 
resulted in «e\ere chills and fe\er and with alarming frequency e\en 
caused the death of the patient instead of benefiting him 'Dus led 
Thomas” to try transfusions of cows milk as a substitute for human 
defibrinated blood He decided to try this blood substitute because of 
the physical resemblance betiveen milk and lymph and becau<^e Hodder 
in 1850 had successfully used milk injections in the treatment ol 
Asiatic cholera administering as much as 14 ounces at a sitting More 
o\er Donne in animal CTpenmenis had injected milk into the veins 
of dogs and rabbits without ill effect However Schafer’ found that in 
depleted animals while recovery followed transfusions of defibrinated 
blood of the same «pecies if given transfusions of milk the animals 
succumbed 

Related to the question of blood substitutes are early perfusion 
experiments on i«olated organs in particular the heart tsmg this 
technic Bowditch in 1871 made the first investigations on the bio 
logical properties of blood serum and plasma by perfusing frog s hearts 
with sheep and rabbit serum At this point it may be well to say a 
word of caution concerning the danger of too literally translating to 
man the recults of these and later experiments in animals on account 
of the existence of certain fundamental physiological differences among 
animal «pecies and becau«e as \^lggers” has pointed out shock in 
experimental animals may be quite different from clinical shock For 
example by carefully washing out the blood from the bodies of frogs 
and replacing the blood by Ringer s solution salt frogs f Salzfrosche ) 
have been obtained'* which remain alive indefinilelv despite the re 
duction of the red cell count to as low as 3000 to 6000/cu mm or 
about 1 per cent of the normal for frogs a feat that cannot be approxi 
mated with warmblooded animals 

Among the first blood substitutes tried in the perfusion experiments 
performed during the last centuiy were physiological saline Ringer s 
and Locke s solution^ As early as 1878 Schafer remarked that in 
hemorrhage saline alone is of little \ilue and that intravenous Infusion 


"Thomas V J Med Jet r 27 449 (18 8) 

Tram Obit Soc Lot dot 21 316 (18 9 1880) 
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of such fluids should be unnecessary “for the half-filled blood vessels 
of the stomach would greedily take up from that organ any fluid that 
might be administered by mouth ”** In hemorrhage, as ^\e now know, 
the lost blood is replaced by tissue fluids, which can therefore be con- 
sidered the natural or phy^ological blood substitute ’■* Tissue fluid 
approximates plasma in its composition, and it was soon found that 
plasma and serum contained some substance necessary for the main- 
tenance of normal capillary permeability while glucose and salt solu- 
tions (so-called “crystalloid” solutions) were ineffective as blood sub- 
stitutes because they quickly escaped from the blood vessels even when 
hypertonic solutions were used The modern explanation for this prop- 
erty of serum and plasma is based principally on the work of Starling,®* 
namely, that it depends on the purely physical properties of the serum 
proteins In an attempt to improve his solution, Ringer*^ added gelatin 
to it, but this modification has not found favor because febrile reactions 
and even deaths have resulted from intravenous injections of gelatin ” 
At the beginning of this century, following the discovery of the blood 
groups by Landsteiner in 1900 01 and revival of interest in blood trans- 
fusion, the interest in blood substitutes diminished The subject re- 
ceived new impetus as a result of World War I, which provided an 
opportunity for extensive clinical investigations During the earlier 
part of the war postoperative shock and hemorrhage were treated 
with saline infusions, and while many lives were undoubtedly saved, in 
most cases the results were unsatisfactory because the rise m blood 
pressure was evanescent due to the escape of the fluid from the blood 
vessels into the tissues In 1916, Bayliss** introduced the use of 6 
per cent gum acacia in saline solution which he believed to be an ideal 
blood substitute, because of Us supposed lack of toxicity, its possession 
of the same “viscosity” as blood and maintenance of the osmotic 
pressure due to the contained colloid This solution proved to be far 
more efficient than the crystalloid solutions, and was used a good deal 
during the latter part of the war and after the war Coburn** reported 


“This interesting Mcwpoml has been the subject o/ a recent im e-.tjgation by 
van Liere, Northrop and Vaughan [.-tmcr Jour Dig Du 1’ 71 (1940)] These 
authors found that in «e\ere hemorrhage m dogs, saline solution placed in the 
intestines did not restore blood pressure e%en though it v\as absorbed while the 
same amounts of fluid gi\en intravenously brought about distinct improvement 
"Robertson, Jour PkysioJ 84- J93 (1935) 

" Starling, /o«r Phystol 19; 312 (1896) 

’’Jour Physiol 6: 361 (1885) 

“Steabben Bnl Jour Exp Path 6* 1 (1923) 

"Bajliss, Intravenous Iitjeclton tn 11 t.und Shock, Longmann, Guenl 8 Co 1918 
“Cobum, Jour Amer Med Assoc 82; 1748 (1624), Coburn and Ward Surg 
Clin N Amer 5: S4S (1925). 
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the use of the solution postoperatu-ely in 1000 cases without a single 
fatahty However, the pendulum soon swung the other way because it 
became evident that the results with gum acacia were definitely inferior 
to those with blood ** Mann** found that dogs suffering from CTperi- 
mental shock induced by exposure of the abdominal viscera responded 
satisfactorily to injections of dog blood or serum, but that only tem- 
porary' improvement followed injections of gum acacia Moreover, as 
pointed out by Amberson in his review, injections of gum acacia caused 
a marked increase in the sedimentation rale; the gum leaves the blood 
stream rapidly so that its effect lasts only 48 hours; and repeated 
injections of gum acacia resulted in a reduction of the plasma proteins 
possibly by blocking the reticulo-endotheHal cells of the liver On rare 
occasions anaphylactic reactions have resulted from repeated injec- 
tions of the gum, perhaps due to protein impurities Some of the dis- 
advantages listed above may apply to certain blood substitutes re- 
cently suggested, such as isinglass** and pectin ** 

In recent years, particularly after it was recognized that whole blood 
is suitable for transfusion only if stored for a relatively short time, 
human blood plasma and serum have been used as blood substitutes 
As has already been mentioned (cf chapter VI), good results have 
been obtained with these blood substitutes in a number of condition* 
Transfusions of unmodified animal sera, e g , bovine sera, have been 
tried but are not recommended because of the high incidence of un- 
toward reactions** Work Is now In progress to obtain preparations 
of purified animal serum proteins for use as blood substitutes with the 
idea that such preparations will be less antigenic ** 

The use of ascitic fluid was proposed by Davis and White* m 1938, 
but thus far this material has only been used experimentally m animals 
In conclusion, it should be pointed out that in none of the blood substi- 
tutes mentioned above is any attempt made to replace the lost red cells 
and their contained hemoglobin. Blood substitutes containing hemo- 
globin have been used with some measure of success in experimental 
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animals, particularly by Amberson and his collaborators^® but have 
thus far had very little clinical application because of the danger of 
renal complications (cf page 124) However, OShaughnessv, JIansell 
and Slome’® have reported the injection of 5 per cent hemoglobin in 
Ringer’s solution, in amounts ranging from 200 to 1000 c c , in four 
patients with anemia, after preliminary alkalinization of the urine 
Plasma vs Serum In most of the earlier studies on blood substitutes, 
no distinction was made between plasma and serum In 1910, however, 
Maldovan®® showed that injedions into guinea pigs of strictly fresh 
defibrmated human blood or fresh human serum caused death with 
mtracardiac and intravascular clotting This is due to the release of 
thrombin during the defibrination or clotting of blood and does not 
occur with serum that has been stored because of the spontaneous 
destruction of the thrombin However, later on substances appear in 
the serum which have a vasomotor action,** while such substances are 
apparently not present m plasma 

The sponsors of plasma** in preference to serum as a blood substi 
tute mention toxic reactions and even deaths which have followed 
injection of serum However, the proponents of serum transfusions** 
point out that when serum is properly prepared and free from particu 
late matter and aged, it is not toxic, and, furthermore, that serum is 
clearer than plasma and easier to sterilize by filtration Moreover, in 
plasma, after it has stood for a long period of time, a heavy precipi 
tation of fibrin occurs which may resemble bacterial growth IVhile 
such plasma can be transfused wthout harm if properly filtered, failure 
to filter the plasma may result in a serious reaction Incidentally, 
plasma from which the fibrin has been removed by filtration is really 
human serum diluted with citrate solution 

Plasma transfusions are convenient at institutions which have blood 
banks, since the plasma can easily be obtained from blood not used 
before the expiration date of the blood is reached In that way plasma 
can be obtained as a by product from stored blood, while serum must 
be specially prepared As plasma obtained even from relatively fresh 
blood may contain small fibrin precipitates, it should be filtered before 
being administered In order to combine the advantages of serum 

"Amberson et al Jour Cell and Comp Pkystol S 359 (1934), Butte Kekwick 
and Schweitzer Lancet 2 507 (1940) 

* Lancet 2 1068 (1939) 

" Deutsch med U och 36 2242 (1910) 
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with the ease of obtaining plasma from stored blood, Clegg and Dible” 
have advocated the mttnednle conversion o( plasma into scrum b> the 
addition of calcium chloride The serum obtained in this way remains 
clear even after prolonged storage and can he transfused through an 
ordinary intravenous «et without riltration In practice, it has been 
found that properlj prepared human serum and plasma are equivalent 
in the clinical results the> produce ““ 

Adoaulages astd Limitations of Serum and Plasma Transfusion It has 
been asserted that in plasma transfusions the group of the patient can 
be disregarded, 'io that the delay incidental to the grouping and match 
mg tests can be eliminated The consensus at the present time is that 
with plasma (or serum) prepared from individual samples of blood it 
IS preferable to u«e only plasma of the same group as the patient with 
the exception that group 0 patients can receive any plasma and group 
AB plasma can be given to any patient The common practice today 
IS to eliminate the action of the isoagglulimns in the plasma by pooling 
Edwards Kay and Davie' recommended pooling bloods of various 
groups before separating the plasma this method is highly efiicient 
because the red cells ab«orb the isoagglulmin? in the plasma ^Ioreover 
Hill ' points out that the agglutination of the red corpuscles aids the 
more complete separation of plasma thus resulting m a larger plasma 
yield The objection that the plasma obtained in this way is apt to 
contain hemoglobin as a result of i«ohemol>sis is not serious as the 
amount of hemOolobin m properlj prepared plasma will be loo small 
to have anj harmful effect However, most workers prefer to poo! the 
plasma (or serum) after its separation from the blood Best results 
are obtained by pooling ten or more samples and wiUi such pooled 
plasma the group of the patient can be «afely disregarded Pooling 
diminishes the titer of the isoagglulimns maml> by dilution and to 
some extent al o through neutralization of the isoagglutmins by group 
substances in solution In emergencies where plasma prepared from 
only a single sample of blootl is at hand this can be given safel> 
regardless of the group provided that the plasma is run in slowlv since 
foreign isoagglulimns when slowly introduced into the circulation are 
absorbed bj antigens in the tissues (cf chapter xvii) without any 
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harm resulting In this connection, Witebsky et al have suggested 
the inactivation of the isoagglutimns in whole blood and plasma by the 
addition of purified solutions of group substances, and this would do 
away with the necessity for pooling plasma 

The greatest problem in relation to plasma and serum transfusion is 
the prevention of contamination by bacteria and fungi While the 
multiplication of microoi^amsms is retarded in the refrigerator, plasma 
and serum permit bacterial multiplication, and after long periods of 
storage, even at low temperature, an initial slight infection may result 
in a significant growth Routine bacteriological examinations and 
passage of the plasma or serum through bacterial filters do not neces 
sarily guarantee sterility, since the handling the material receives may 
Itself serve to introduce infection The addition of preservatives such 
as merthiolate has been recommended by some workers, improper 
preservatives such as phenol are to be avoided as these precipitate 
the plasma proteins, and effective concentrations may prove toxic 

The difficulties entailed m the storage of liquid plasma are avoided 
by desiccation, in this way preventing bacterial growth Hill" states 
that the use of dried plasma also has the advantage that refrigeration 
IS not essential, and the plasma can be kept at hand anywhere for 
immediate use Moreover, the biologic properties are said to be pre- 
served fibrin precipitates do not form and the bulk of the material 
IS reduced Hill points out that by redissolving the dried plasma in a 
small volume of distilled water, for example one fourth the original 
volume, plasma is obtained m a concentrated form which can be ad 
ministered intravenously simply by syringe This concentrated plasma 
is said to have increased therapeutic potency producing a more rapid 
rise in blood volume m cases of shock" and being useful for reducing 
intracranial pressure and for removing edema fluids, particularly in 
nephrosis 

As for reactions to plasma and cerum transfusions, all recent reports 
agree that their frequency is low (ranging from less than 1 per cent to 
3 per cent) The high incidence of reactions observed in earlier studies, 
such as those reported by Burceva (cf table 12), was undoubtedly due 
to imperfections in the technic Though many thousands of plasma and 
serum transfusions have been given to date, only a single fatality has 
been reported," and in this case the technic employed was faulty since 
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Table 12 
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the plasma was not filtered before the transfusion'* Even plasma in 
lour times its normal coacentratiim giies rise to but fen reaction? on 
mlca\enous injection, the inadence of chills and fever in the hand? of 
Hill and his co workers being only 1 per cent ^^^llle ^lahoney Kings 
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ley and Howland reported the frequent occurrence of thrombosis of 
the injected \em when hypertonic plasma was injected Hill et al did 
not encounter this complication m a series of 229 transfusions though 
patients sometimes did complain of evanescent pain at the site of the 
injection 

Tcchntc of Preparing Liquid Plasma and Serum Plasma can be ob 



Fic 41 ITKDRA^v^^c Plasma Into Pooling Bottle 
Note air filter water filter may he introduced into 
system if desired 

(From Muether Hospital Progress Bulletin #163 
October 1941 ) 

tamed as a by product from bank blood or specially prepared as m 
the project of the Blood Transfusion Association ** Blood for the prepara 
tion of plasma should be collected by a closed method under strictly 
sterile conditions W here the plasma is obtained from bark blood the 
simplest procedure is to remove the plasma by suction taking care 
not to disturb the sedimented red cells collecting the plasma from 

“Report of the Blood Transfusion Assocution Concern ng the Project for 
supplying Plasma for EngJand Carned on jo ntly with the Amenaa Red Cross 
from August 1940 to January 1941 (J»n 31 1941) 
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10 or more bloods into a single large container (cf fig 41) A sample 
of the pooled plasma is removed for aerobic and anaerobic cultures 
and a preservative is then added If after one •week no growth has 
occurred in the cultures, the pooled plasmi is distributed among a 
number of individual containers for storage and subsequent use 
Needless to say the transfer of pbsma to the pooling flasL must be done under 
slrictlj sterile conditions This is most readily accomplished in a 'pccial air 



Fig. 42 EqutrMEvt Set up for Transfer or Plassia 
TO Fenal Container 

(From Muether Uospilal Progress Bulletin ^^163 
October 1041 ) 

conditioned dust free room Ihc opcnior wearing a cap and maslw and using 'tenle 
apparatus with a few small pieces of sterile cotton as a biter m the tubing between 
pooling bottle and tbe suction apparatus and trap 

The redistribution of Ihc pooled sterile plasma is simplified by u«ing a sterile 
piece of rubber tubing with a needle at each end (cf page 143) one to be pushed 
through the diaphragm of the pooling fiasV the other through the diaphragms of 
500 c c bottles each containing 250 cc of sterile «alinc (cf fig 42) As a sent a 
*econd needle with a glass adapter and cotton filter is pushed through the diaphragm 
of the pooling bottle and the How of plasma into the vacuum bottles is regulated with 
the aid of a needle \ahe or clamp this being closed entirely before siirting each 
new bottle 

The preserv-ali\c selected for tbe Blood Transfusion Associations project was 
mcrthiolatc ('odium ethyl mercuri thiosalicylate Lillj) One cc of a solution 
containing 1 per cent merthiolate and 1 4 per cent borag was added for every 100 
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c c of plasma g]%jng a final dilution of 1 JOOOO of oiertbiolate regard to the 
toxicity of this preser.ati\e it is chimed that 50 cc of the 1 per cent solution 
has been injected intravenously into human beings with no effect and as much as 
100 c c over a period of S dajs has pro\ed harmless 

If cultures of the plasma are desired after the merthiolate has been added 
Meleney recommends that 1 cc of 1 per cent ammonium sulfate be added for 
e\ery 10 c c of plasma and SO c c of culture medium in order to precipitate the 
mercur3 

As an additional safeguard and to rule out an> toxic qualities in the plasma 
Strumia and McGraw*® inject 1 cc of the pooled plasma intraperiloneall) into 
each of two mice and observe them for 7 days 

'\\Tien whole curated blood stands m the refrigerator at 4°C, accord 
mg to Strumia, McGraw and Reichel,*^ 30 per cent plasma separates 
in 1 day, 35 per cent in 2 days, 38 per cent in 3 days, 42 per cent in 
5 days and 44 per cent in 7 days, while the yield on the same blood by 
centrifuging is 57 2 per cent For this reason, many institutions prefer 
to separate the plasma by centrifuging instead of simple sedimentation 
Strumia et al use a centrifuge (No 3 International, model FS), which 
can hold four 700 c c bottles, each containing 500 c c of blood At 
many institutions, a centrifuge (No 2 International) that can handle 
four 250 cc containers at a time is employed Overheating the blood 
IS prevented by the use of a special windshield to reduce Che friction, 
and by air conditioning When 250 cc centrifuge bottles are used 
the blood from each donor is divided between two dry centrifuge 
bottles for the preparation of serum, or two bottles each containing 
25 c c of 4 per cent dihydnc sodium citrate solution for the preparation 
of plasma 

To CQn\ert plasma into serum ** (cf page laO) 20 c c of 8 per cent sterile 
calcium chloride solution are added for each liter of pooled ph^ma with glass beads 
and the mixture is placed in a mechanical shaker A firm clot separates and the 
supernatant fluid is passed through a Seitz filter and «tored in sterile containers 
The resulting fluid is clear like serum and remains so during storage and at the 
same time has the advantage of being obtained as a b> product of bank blood 

Dried Plasma and Serum A vinety of methods have been proposed 
for the preparation of desiccaterf pfasma amj sertmr A meti’rovd 

employed by Edwards, Kay and Davie” is to dry the plasma under 
partial vacuum at body temperature By this method, from every lOO 
c c of plasma they obtain 8 grams of a yellow amorphous product, 
which dissolved readily in warm water Most workers prefer drying 
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the plasma in the frozen state, and a number of methods have been 
proposed for this purpose. In the lyophile method’* the water vapor is 
removed by freezing, in the cryodiem method chemical absorbents” 



[From Harlman Jour Amer Med Asioc 115: 1059 (1040)] 


are used, m the “desivac” method the water vapor is removed by sue- 
Uon,’* while in the “adtevac” method colloidal silica is used With the 
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aid of a Tiselius apparatus, Scudder^* has compared the electrophoretic 
patterns of fresh plasma, plasma dried under partial vacuum at 
37°C, and plasma dried from the frozen state While the latter differed 
but little from the original, plasma dried at body temperature showed 
wide variations, possibly indicating denaturation of the proteins For 
this reason, and because of the ‘ flash" solubility of the product, plasma 
dried in the frozen state is to he preferred 
Of the other methods that ha\t been suggested for desiccating plasma (he one 
proposed by Harlman and Hartman** seems most practicable The pJacma is placed 
inside a double walled cylinder of cellophane tubing and a number of these are 
mounted between the rims of two wheels attached to a common ams A large fan 
at one end circulates the air through the centers of the cjhnders while the wheel 
IS rotated (cf fig 43) A light dry powder is obtained which can be dissolved readily 
m stenle distilled water or if desired the plasma can be reconstituted by immersing 
the sealed cellophane tubing containing the desiccated plasma in ordinary tap water 

The following technic used b> HiH for preparing dried pla<ma is presented 
because this seems to be a model in efficiency both with regard to quality and 
quantity of the product 

The donor bloods are collected in individual sacuum bottles (cf page 142) and 
stored in the refrigerator Twice a week blood not used for transfusion is removed 
from the bank pooled while still cold m a large stainless metal reservoir and 
immediately passed through two DeLav-al serum separators (Blood more than 5 
days old is not used m order to mmimiae the possibility of bacterial growth ) The 
first separator removes the red cells while the second unit acts as a clarifier by 
removing (he fat droplets and residual red cell fragments present m the plasma 
A yield of 50 3 per rent of true plasma is said to be obtained by this method 
According to Hill the smallest motor-driven separator of the DeLavat t>'pe used by 
him separated as much as 29 liters in 35 minutes On the other band Strumia et al 
using a large international centrifuge (cf page 155) could separate only 14 to 16 
liters of blood m an 8 hour day 

After clarification by the *econd DeLaval separator the plasma collects m a 
stainless steel container from which it is drawn through a stenle nibber tube into 
the reservoir of a Seiti filter If the system is properly balanced the plasma should 
filter at the same rate as it is separated making possible a continuous process This 
is accomplished by using a filter of proper sue filter discs up to 2 feet in diameter 
being available ” Plasma that cannot be filtered at once is frozen and kept in that 
state until it can The filtered plasma is desiccated by the adtevac process (cf page 


"Ann Surg 112 502 (1940) 

"Jour Amer M<d Assoc 115 1989 (1940) C/ Thalhimer Proi Soe Exp 
Biol and Med 37 639 (1938) 

”To facilitate the filtration of the plasma Muirhead and Hill [Ann Int Med 
16 286 (1942)] have advised the addition of filter cel to the plasma before 
filtration This substance is a form of diatomaceous earth manufactured by Johns- 
Manville Sales Corp N \ C More recently Hill (meeting of the American Serum 
Association June 8 1942) has reported (hat he no longer filters the plasma at all 
since he has found that the second centrifugation in the DeLaval separator serves 
to remove not only platelets and particles of cells but even bacteria so that the 
plasma obtained m (his way is stenle 
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I36) using large p>rex ampoules of capacities raoging up to /OO c c Material dried 
for 48 hours ma> contain as little lesidiial -nater as 0 OJ per cent The dried ph«iiia 
can be obtained in a <horter time b> using smaller ampoules but Hi!I con«iders 
larger loads preferable in order to cut dovra the labor required. 



Fig 44 EquiPsiEsr ^etip for Admivistr-atiov or 
Plasma to REarxENT 

»^xv?JAsi5r«*A's'. w/i Vefcd w. \% ‘hWh 

used for air sent 

(From Muether tlospnal Progress Bulletin 163 
October 1941 ) 

Bbile the final container maj be practicalt> filled with the granular dr\ pla ma 
because of the porosilj of the do plasma an equal solume of water can be added 
without difficult> to prepare liquid pla*ma when needed The ampoule containing 
the desiccated pla«ma is kept sealed under \acuum Dried plasma which is to be 
used for the preparation of concentrated plasma is transferred to smaller \ials with 
the aid of a sterile metal dispenser and this container is then «caled under vacuum. 
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The rapid solubility of the end product is an indication of its proper preparation and 
advantageous as a time-saver 

The transfusion of the plasma to the patient is carried out in the 
same manner as the transfusion of atrated blood (cf page 98) It is 
important, as has already been mentioned, that plasma stored in the 
liquid state be filtered through several layers of gauze, or better, with 
the aid of a stainless steel filter drip, such as is used for transfusing 
stored blood (cf fig 44) Filtration is not essential when stored serum 
IS transfused Since plasma and serum are less viscous than blood, a 
smaller needle (e g , 20 gauge) can be used for puncturing the patient’s 
vein than is necessary for transfusing blood When the plasma has 
been stored in the dried state, sterile distilled w iter must first be added 
to redissolve it Plasma that has been desiccated in the frozen state 
(lyophihzed plasma) can be purchased on the open market together 
ivith sterile distilled water and needles and tubing for the transfusion 
of the reconstituted plasma Most workers recommend that the plasma 
be allowed to run into the patient’s vein at a rate of about 10 cc per 
minute However, the rate can be varied according to circumstances, it 
being increased m emergencies and decreased where the patient’s car 
diac status requires it Hypertonic plasma can be prepared by dissolv 
mg the desiccated plasma m about one fourth or one half the original 
volume of water Such phsma is best transfused by the syringe or 
syringe valve method 

While the pH of fresh citrated plasma vanes between 7 4 and 7 7, 
dried plasma restored with distilled water is highly alkaline,’* its pH 
usually ranging from 8 2 to 9 3 ’* The alkalinity of the regenerated 
plasma is probably the cause of the pain in the vein experienced by 
patients, particularly when such plasma is transfused rapidly More- 
over, Strumia’* reports that while the preservation of prothrombin is 
good up to a pH of 7 7 it is poor when the pH is 8 2 or higher Strumia 
found that the excessive alkalinity could be avoided and a good pro 
thrombin content maintained by dissolving the dried plasma in 0 1 
per cent citnc acid instead of the customary distilled water 

Punned Plasma Proteins As Schifl and Boyd’*’ have pointed out a purified 
preparation of any of the proteins in human pJasraa could theoretically be used as 
a blood substitute As a matter of fact jHinfied serum albumin has already been 
used in this way Albumin possesses the advantages of stability and a relatively 
low molecular weight which latter is responsible for a greater osmotic effect per 
gram of dried material Schiff and Boyd quote Newhouser and Kendrick*' who 

"Scudder Drew TuthiH and Smith Butt A 1 Acad 3Ted 17 373 (1941) 

’’Strumia Jour Amer Med Assoc 119 710(1942) 

“Schiff and Boyd Blood Grouping Technic page 112 Interscience Publishers 
New York (1942) 

"US Naialifed Bull 40 I (19421 
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stile Human albumin prepared by Cohn** has been given a limited clinical trial 
and the results thus far are encouraging Albumu has been administered safely 
in concentrations up to 30 per cent without untoward reactions and it can be stored 
in the liquid state without refrigeration Expenmental and clinical trials have proved 
It to be effective in reslnting depleted blood volume resulting from ‘hock and 
hemorrhage Since 100 cc of ^0 per cent human albumin will provide the same 
colloidal osmotic pressure when injected intravenous!} as 1000 cc of whole blood 
or 500 c c of plasma it is therefore possibl'* to package albumin in a «mall compact 
unit ready for immediate use The fact that albumin can be packaged in small 
containers is o! tremendous importance to our military forces 

ADDENDUM 

this book was m press an excellent paper by Mollison and 
Young" appeared in which are described experiments to determine the 
in mo survival in the human subject of transfused erythrocytes after 
storage in various preservative solutions As these authors point out 
the commonly accepted tn vitro tests are fallacious indicators of the 
stale of preservation of blood for example while dextrin and sucro'^ 
delay the onset of hemolysis m ulro they have very little effect in 
prolonging the mil o survival of the blood The expcnmenls do demon 
strate conclusively however, the preservative action of glucose so that 
while blood stored m citrate alone should not be transfused after periods 
longer than 5 to 7 days blood stored in suitable glucose<itrate mix 
tures is satisfactory for periods up to 14 to 21 days Among the methods 
to be recommended is that advocated by (he Medical Research Council 
of Great Britain namely to mix 100 c c of 5 per cent sodium citrate 
10 cc of 30 per cent glucose solution and 430 cc of blood 
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CHAPTER X 


SOME FUNDAMENTAL PRINCIPLES OF 
GENETICS AND BIOMETRICS 

As AN introduction to the discussion of the heredity of the blood groups, 
It will be convenient to recapitulate some of the principles of genetics 
Two of the fundamental laws were laid down by Gregor Mendel in 1865, 
after eight years of painstaking and thorough research The manner 
of operation of Mendel s laws is best illustrated by considering actual 
experiments 

Law 0 } Segregation Mendel crossed a tall variety of edible pea with 
a short variety and obtained m the first generation (Fi) hybrid plants, 
all of which were tall When the hybrid tall plants were allowed to self 
fertilize, three quarters of the offspring were tall and one quarter were 
short Mendel explained these observations by postulating that tall 
plants had something (now knoivn as a gene) in the germ cells that m 
the offspring determines the character “tall,” and similarly, the short 
plants had something m the germ cells determining the character 
“short ” 

Furthermore, all the cells other than the germ cells contain a double 
set of genes one derived from the maternal and the other from the pa 
temal parent Thus, the hybrids receiving one gene from each parent 
will then possess a gene (T) for tall and a gene (t) for short Since the 
hybrids are all tall, tall is said to be “dominant ' over short, or short to 
be “recessive” to tall In the second (F*) generation, ova and pollen 
bearing the genes, T and t, will be produced m equal number On self 
fertilization, one fourth of the plants resulting will have the constitution 
(genotype TT, one half Tt, and one quarter tt, as shown in figure 45, so 
that three quarters of these plants will be tall and one quarter short 
The essential features of the law of segregation therefore, are the fol 
lowing A factor (or gene) earned by the gametes of one parent and a 
contrasting factor earned by the gametes of the other parent come to 
gether and coexist for one generation iti the cells of the hybrid offspring 
without blending or losing thetr rdentUy When such a hybrid individual 
produces its own gametes, the two factors are again separated, or segre 
gated from one another, each of the gametes being pure, containing 
either one factor or the other but never both 

Pairs of genes like T and t (govermng contrasting characteristics) 
are termed 'allelic” genes They have been shown to be located oppo 
site one another on a pair of chromosomes 

Individuals of genotypes TT and tt if self fertilized will breed true, 
161 
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are therefore kno\vn as “pure” types They are a)<:o called “homo 
zygous,” since they are produced by ttvo germ cells bearing the same 
gene Induiduals of genotype Tt are said to be “heieroz\goiis” and will 
not breed true 

Law of Independent Assortment Mendel crossed peas who^e ^eeds. were 
jellow and round with others whose seeds were green and wnnkled 
Previous experiments had shown that yellow and green are contrasting 
characters, determined by a pair of allelic genes, G and g respectively, 
where G is dominant over g, and that these characters gave a 3 to 1 ratio 
m the second generation The same had been found to be true of the 
characters round and wrinkled, depending on the allelic pair of genes 
and w, respectu ely 


Egg Ot 

SHORT 


(SHeBT) 


fotlan 


O^natypes {x TA1.I. lAlt 
riicnotypcs 


e TAIL (SHORT) 


1 SilOBT SUOSt • 
I SHORT 


Fw 4S Diagram ItcvsTRVTivc THE Law or ScGRECATiriN 
(After Morgan) 


The offspring of the first (Fi) generation were all jellow and round, 
but when they were self-fcrtilizcd, four kinds of individuals resulted 
>ellow round, yellow wrinkled, green round, and green wnnkled in the 
ratio of 9 3 3 1 Mendel pointed out that the results obtained could 
be explained by assuming that the genes for yellow and green segre 
gated independently of the genes for round and wrinkled The original 
yellow and round plants, which were “pure” since they bred true were 
of genotype GGWW, whereas the original green and wrinkled plants 
were of genotype ggwrn The former produced ovules and pollen grains 
GW, and the latter produced ovules and polfen grams gw, «o that the 
hybrid plants were of genotype GgWw Because of the dominance of 
G over g, and \V over w, all the hybrid plants were yellow and round 
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According to Mendel's assumption that the genes G and g segregated 
independently of W and w, the hjbnd must ha\e produced four kinds 
of germ cells, GW, Gw, gW, and gw Assuming that fertilization of the 
four kinds of ova by the four kinds of pollen grams occurs at random, 
sixteen combinations are possible Taking into account the dominance 
of yellow over green and of round over wrinkled, we find that these 

Egjs 

'Svi G^; iv5 ^ 


Pollen 


GW 


Gw 




gw 



Fig 46 Diagram Illustbatisg the Law of IhoEPENOEsT Assortment 
Showing the sixteen F* recombinations (from >ellow round and green wrinkled 
peas) that result when the four kinds of eggs and the four kinds of pohen grams of 
the F, hybrid come together 

(After Morgan) 


Sixteen combinations fall into four phenotypes m the ratio of 9 3 3 1 
(cf fig 46) 

Linkage Mendel’s law of independent assortment has its basis in that 
the independent factors are located in different (pairs of) chromosomes 
(cf fig 47) One member of each pair of chromosomes IS present in each 
germ cell, and since only chance determines which member of the pair 
enters a particular germ cell, characters determined by genes located m 
different chromosomes are inherited indepedently of one another On 
the other hand when tw o genes are located m the same chromosome, the 
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Since the tKo pairs of genes A a and B b an located m different chromo'^omes 
the> segregate independently of one another The hjbrid of genot>'pe AaBb there 
fore produces equal numbers of germ cells of types AB Ab aB and ab On back 
crossing the h>brid with a double rccessi\e individual mdisiduaU of genot>'pcs 
AaBb Aabb aaBb and aabb arc produced in egual numbers 

law of independent assortment will not bold (cf fig 48) Bateson and 
Punnett found that when a sweet pea having purple flowers and long 
pollen grains was cro's^cd with one having red flowers and round pollen 
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Fic. 48 Physical Basis or Linkage 

Since the two pairs of genes A a and B b are located m the same pair of chromo- 
somes the h>bnd is of genotype (AB) (ab) having received chromosome (AB) 
from one parent and chromosome (ab) from the other Most of the germ cells pro 
duced by the hjbnd will therefore be (AB) and (ab) gametes (aB) and (Ab) also 
are formed however because of crossing-over Bv back crossing the hybrid with 
a double recessive individual the relative (requenej of the crossovers and the non 
crossovers is determined If the onginal parental types had been (Ab) (Ab) and 
faB) (aB) respectively the genotype of the hybrid would have been (Ab) (aB) 
and crossme-over would occur m the opposite direction 
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grams, all the offspring had purple flowers and long pollen grams Wlien 
the hybrids were self fertilized four different types of offspring were 
obtained, but not m the ratio 9 3 3 1, there was a large excess of plants 
w-ith the original combinations, namely, purple flowers and long pollen 
grains, and red flowers and round pollen grams This phenomenon is 
called linkage because genes located in the same chromosome tend to 
remain together 

The fact that in the example just cited the parental properties 
namely, purple flowers with long pollen grams, and red flowers with 
round pollen grams, are not completely linked constitutes a phenomenon 
known as “crossing over ’ The cytological counterpart of this phe 
nomenon is the frequent occurrence of a certain amount of interchange 
of chromatin material m the process of formation of the germ cells 
In a general way, the frequency of crossing o\er is proportional to the 
distance between the linked genes since the farther away they are the 
more frequently will they be separated b> interchange of chromatin 
material 

From the relationship between frequency of cro&singover and the 
distance between linked genes, it possible to plot the genes on a chro 
mosome map Such a chart has been constructed for the Drosophilta 
melanogaster (by Morgan and his co workers) 

Sex Linkage In determining sex, one particular pair of chromosomes 
plays the mam role Thus m man who pos«e'ses twenty four pairs of 
chromosomes it has been found that in twent> three pairs the two 
members of each pair are alike, whereas m the twentj fourth pair there 
are two dissimilar chromosomes a large chromo'ome (\) and a very 
small chromosome (Y) Individuals possessing two X chromo'^omes are 
females (XX) and individuals with one X and one Y chromosome are 
males (XY) The Y chromosome is supposed to contain only few 
genes, whereas the X chromosome contains many genes like the other 
chromosomes Genes located m the X or Y chromosome are said to be 
sex linked 

As an illustration a simple case of sex linkage m man namely hemo- 
philia may be cited, and this is also pertinent because attempts have 
been made to demonstrate linkage between blood groups and hemophilia 
(cf footnote 66, page 374) Theheredity of hemophilia has been shown 
to depend upon a recessive gene h, the allelomorph of which is a normal 
dominant gene This pair of genes is present in the X but not in the \ 
chromosome If X represents an X-chromosome with the gene h and X 
a normal X chromosome, five po«isibilities may occur X\ hemophiliac 
female, XX, normal female, but carrying gene h, XX normal female, 
XY hemophiliac male, and XY, normal male 

The mode of heredity of hemophilia is illustrated in figure 49 If a 
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hemophiliac male is vtedded to a normal female, all the daughters will 
be earners If the carrier daughters are wedded to normal men, half 
of the sons will be hemophiliac and half of the daughters will be earners 
Theoretically, hemophiliac females can only result from matings of 
hemophiliac males with earner females In fact, no completely proved 
case of hemophilia has ever been ob«erved m a woman, and tins has 
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Fig -49 HEREonv of a Sex Linked Character Hemophilia 

been explained by assuming that the genotype "OL is a 'o called ‘ lethal ’ 
type, so that such individuals die m utero 

SOVIE BIOVXETBICAL COVCEPTS 

Probable Error ^lendel's laws of hereditv ha\e been amply tested and 
confirmed by hundreds of thousands of observations In these mves 
tigations, as in other biological studies emploj ing statistical considera 
tions, the “probable error” of the observed frequencies must be taken 
into account For that reason, a brief resume of the meaning of this 
term will be given here 

For an underslanding of the question an tlemcnfaty knowledge of the theoiy 
of probabilities is necessao The following two theorems will be found useful 
1 If an event can occur in a ways and fail m b wajs and all Ihc'e ways are 
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equall) likelj , then the chance of its happening is and that of Us faihn-r is 

a+b ® 

b 

a + b 

For It IS obwous that the chance of its happening is to the chance of its failing 
as a IS to b Then if the chance of its happening is represented b\ ka where k is 
a constant still to be determined the chance of its failing is kb Now the e\ent is 
certain either to happen or to fail so that the sum of the chances of happening and 
failing must be certainty which may be designated by unity — 

Therefore La+kb“l 


1 

and k= 

a+b 

Therefore the chance of the c%ents happening is and the chance that the 
a+b 
b 

e\ent will not happen is 

a+b 

For example if a bag contains 4 red and 3 black balls the chances of drawing a 
5 

bbek ball at random are =3/7 As a corollary to the aboic theorem if p is 


the chance that a given ev'cnl will occur then the chance that it will fail to occur 
is 1 — p 

n If the chance that one event happens is p and the chance that another rn 
dependent event happen IS p then the chance ttet both events occur is pp For if 
(he first event can happen in a ways and fad in b ways all of tbe«e being equally 
likely and if the second event can happen a ways and fail in b ways all being 
equally likely then 


The a+b cases can be a‘«ociated with the a +b ca'cs in (a + b) y fa +b ) ways 
all equally likely to occur In aa' of these both events will happen so that the chance 
that both will happen tocether is 

aa' 

or pp 

(a+b)(a +b ) 

As an illustration of this theorem let us suppose that a bag contains three red 
asvd black, balls then the chance of dtawujs a. ted ball at tandom (tnni this bag 
Is 3/8 S milarly the chances of drawing a red ball at random from a second bag 
containing one red and two black balls arc 1/3 If one ball is drawn from each bag 
therefore the chance that they will both be red is (3/8) (1/3) or I 8 

The laws just derived also apjrfv to statistical considerations Thus if 30 per 
cent of all the people in a population have brown hair and 25 per cent have blue 
eyes then if the color of the eyes is independent of the color of the hair we should 
expect to find ( 30) ( 23)= 0<5 or 7 S per cent of people wiih brown hair and blue 
eyes 

As an application of lhe«e iheorem* in probabilities and of the mem 
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jng of probable error, let us consider the example of tossing a penny 
Either a head or a tail will result from each trial, and assuming that 
either event is equally likely to occur, the chance that a head appears is 


1 1 

or — , and obviously the chance for a tail is the same We should 

1 + 12 

therefore expect that if a number of such trials %\ere made, half %\ould 
be heads and half tads 


Suppose, for example that the penny is tossed 100 times In one ex 
penment there may be 46 heads, 57 in another, etc and only excep 
tionally will there be exactly SO heads If a large number of expen 
menls are made, and the frequencies are plotted with which no heads 
out of 100, one, two, up to hundred heads are tossed, a so-called 



Fic 50 The Phobashitv Curi'e 

The area of the cune inside (blank) is equal to the area outside (cross 
hatched) The unit of distance used in ibt graph is therefore equal to the prob- 
able error If the theoretically expected frcqutnt> is at point 0 the chances are 
equal that an obserxed frequency fall m the blank or shaded areas 

"distribution curve” is obtained with the mean and the maximum at 50 
heads out of a hundred As the number of experiments increases the 
distribution curve approaches more and more closely the shape of the 
"normal cur\e” (cf fig 50) 

ff on either sicfe of the maximum, ancf at eqoaf cftstances frunr it, 
two perpendiculars are dropped, so that the area included between the 
two perpendiculars, (he curve and the abscissa is equal to the sum of 
the two areas outside these perpendiculars, the distance from either 
perpendicular to the center of the cune is defined as the probable error 

The most frequent application of the probable error concept is for 
the determination of the statistical reliability of obsened frequencies 
Thus, suppose one desires to determine the frequency of occurrence 
of blue eyes in a certain peculation A random sample of this pcpula 
lion consisting of two hundred individuals is examined and 78 in 
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dividiials are found to have blue e>es The frequency of blue e>es in 
this sample is therefore 0 39 or 39 per cent The probable dev lation of 
this observed frequency from the actual frequenc> in the entire popula 
tion IS given by its probable error If p represents the observed fre 
quency, and N the number of individuals examined, il can be shown 
that' 

P E p ( Probable error of p) = 0 6745 { / 

» N 

In the present case P E ^ blAS 0233 or 2 33 per cent 

» 200 

The observed frequency should therefore be expressed as follows 
39d=2 33 

If the probable error of an observed frequency is known, the chances 
that the true lalue lies witbin any given multiple of P E and against 
its l>ing outside the range are 

± P E the chances are even 
±2 P E the chances are 4 6 to 1 
±3 P E the chances are 2 1 to 1 
i;4 PC the chances are 142 to 1 
i:S PE the chances are 1310 to 1 
±6 P E the chances are 19 200 to 1 

Usually, a deviation greater than three times the probable error is con 
sidered significant 

European w nters use a or the standard error, as the measure of error, 
thus simplifying formulae by eliminating the constant 0 6745 The 
rehtion between the P E and the standard error is given by 

PE 0 6745 0 so that 0 = 

It IS apparent that the larger the number of individuals examined 
the smaller will be the P E and the more reliable wHl be the observed fre 
quency 

If the calculation is made in terms of absolute values ir stead of fre 
quencies, in the example )U5t ated the probable deviation would be 
2 33 per cent of 200 individuals or 4 66 individuals In other words, 
the P E in terms of absolute value is equal to N times the P E in terms 
of frequency (per cent) Based therefore on the original observation 
on 200 individuals, we would expect that in future observations on an 


* For the denv’ation of this formula see the books by Kelley and ^ ule cited at the 
end of this chapter 
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equal number of individuals the number of individuals with blue eyes 
would fall within the limits 78±4 66 m half of the cases The chances 
of finding a deviation of 3 X 4 66, or appro'vimately 14 (i e less than 
64 or more than 92 individuals), would be only 1 in 22 , consequently 
rather small 

Calculation of the probable error may be applied to test the accuracy 
of theories Let us use it for example for our penny tossing experiment 
Suppose in one experiment of 100 tosses, 47 heads are obtained Then 


p = 047,N = 100,andPE =06745X 0336 

> too 

The theoretically expected frequency is 0 SO (SO heads in 100 tosses) 
The difference between the observed frequency (0 47) and the theo 
Dev 03 

retical frequency (0 SO) is 03 so that =* = 09 Since the 

PE 0336 


chances for a deviation up to the probable error are even the experi 
ment cited would satisfy the expectations 
The application of the theory of probable error to the results of ex 
periments m heredity m plants and animals have resulted in complete 
confirmation of the two laws discovered by Mendel For example, 
Johannsen’ has summarized the results of counts totalling 173 399 on 
the heredity of cotyledon color in Pisum The deviation from the ex 
pected 3 to I ratio was only 0035 with a probable error of ± 0028 
Deviation , , 

Therefore, I 23 Since a deviation of this magnitude could 


be expected approximately twice m five times the results of these 
experiments fully confirm Mendel s first Jaw 
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HEREDITY OF THE BLOOD GROUPS 

JNTRODUCTIOV 

While a large body of information has been accumulated concern 
mg the genetics of many plants and animals comparatively little is 
known concerning heredity in man The mam reason for this is that 
direct experimentation is obviously impossible in studying human m 
heritance and usually data can only be gathered by the less exact 
method of analyzing pedigrees and family histones N’evertheless a 
number of abnormal characters m man have been shovm to be definitely 
inherited, such as brachydactyly clawhand polydactyly, white fore 
lock, hemophilia, etc Because in many cases the data are based only 
on the memory of a few individuals m the family they may be in 
accurate, and since the number of families studied is greatly limited on 
account of the rareness of most of these anomalies, not in every case 
do the mendelian ratios obtain accurately These results do not in any 
way invalidate Mendel s laws as applied to human beings, however, as 
there is no intrinsic difference in this respect between man and other 
animals, the difference obtained being caused only by our inability to 
make direct breeding experiments with large progenies and a large 
number of generations 

The blood groups afford an excellent opportunity for heredity studies 
since every family is a source of data on account of the universal dis 
tnbution of the blood properties The first report on the heredity of the 
blood groups was made by Oltenberg and Epstein' m 1908 In 1910 as 
a result of a study of the blood groups in 72 families with 102 children, 
von Dungern and HirszfeJd* demonstrated that the agglutinogens A and 
B are each inherited as simple Jlendelian dominants This conclusion 
has been substantiated by the work of a great number of investigators 
and IS now universally accepted 

However, three main theories have been proposed concerning the 
exact mechanism of heredity of the agglutinogens A and B (cf fig 51) 
Von Dungern and Hirszfeld thought that A and B were inherited inde 
pendently of ech other, and that their inheritance depended upon two 
independent pairs of allebc genes In 1924, Bernstein’ showed that 

' Epslem and Ottenberg Trans ficw I ork Falhol Sac 8 187 (1908) 

*v Dungem and Hirsrfeld Ztschr f ImmuntCals 6 284 (1910) 

'Kim lioch 3 1493 (1924) Ztsckr / mdakl Abslamm u lererbungsl 37 
Zi7 (1923) 
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the a\at]able statistical data did not conform to that theor>, and 
postulated that the inheritance of the agRlutmogens A and B depended 
upon three allelic genes A, B and O As a <5ort of compromise between 
the two theories, Kinhara and Haku* and, later, Bauer suggested a 
theorj of linkage for the heredity of the blood groups 
At present all investigators agree that Bernstein’s theory is correct, 
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FlO 51 DUCRASt ILLCSTRATLSC THE THREE PRO- 
POSED Theories or the Heredity or the 
Blood Grodts 


as has Deen conceded by Hirczfeld himself Nevertheless for the pres 
entation of the results of studies on the heredity of the blood groups 
It Is convenient first to discuss the original theory of von Dungern and 
Hirszfeld 

THE HYPOTHESIS OF TWO INDEPENDENT PAIRS OF GENES 

According to the theory of von Dungern and Hirszfeld the heredity 
of the agglutinogen A depends upon the a pair of allelic genes A and a, 
where A is dominant over c, and similar!} , the heredil} of the aggluUn 

ogen B depends upon an independent pair of allelic genes Band A The 


* ^ago^a Jour Med So 2 75 (1927) 
•A/in Woch 7 1588 (1928) 

'him Mock 10 1910 (1931) 
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possible genotypes of individuals belonging to each of the four groups 
in accordance with this theory, are given in table 13 
If the heredity of the agglutinogen A is considered alone, two pheno 
types only are possible individuals possessing agglutinogen A (who 
could be designated as A f-), and individuals lacking agglutinogen A 


Table 13 

Theory of \ ov Dpvgeic* avc Hirszfeld 


Phenotype 

Genotype 

Homozygous 

Ifonohybrid 

Dihybnd 


aabh 



A ! 

AAbh 

Aabb 


B 1 

aaBB 

aaBb 


AB 1 

A ABB 

AaBB AABb | 

AaBb 


(who could be designated as A — ) Three genotypes are possible, 
namely, AA, Aa and aa Individuals of the first two genotypes will 
possess agglutinogen A, and indivduals of genotype aa will lack agglu 


Table 14 

Heredity of toe Acoldiisooen A 


Genotypes 

1 Phenotypes 

[ Per Cent Children of Genoty pes 

of Parents 

1 of Parents 

AA ' 

Aa 

.a 

1 AAxAA \ 

1 

too 1 

0 

0 

2 A IXAa 

A+xA+ 1 

50 i 

50 

0 

3 AaXAa 

1 

25 ! 

SO 


4 d 4 Xaa 

A+XA- 

0 

100 

0 

5 laXaa 


0 

50 

50 

d tr(rA,'<rir 

A-XA- 

« i 

‘ * I 

' m 


1 

1 Phenotype A+ j 

Phenotype A- 


Imogen A Sue crosses of these three genotj^pes are possible as show n 
m table 14 Since no reliable serological method has been devised for 
differentiating induiduals homozygous or heterozygous with regard to 
agglutinogen A, the results obtained are summarized in terms of the 
phenotypes as shown m that table It is immediately apparent, there 
fore, that the following law must hold If neither parent possesses ag 
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glutmogen A, none of the children can possess that agglutinogen Bj 
similar reasoning, the same law must hold for the agglutinogen B 
If one considers the agglutinogens A and B together, under the as 
sumption made b> \ Dungern and Hir^zfeld that thej are transmitted 
independently of each other, then the results are as gi\en in table 18 
Since 1910, more than SO independent worLers have made studies 
on the heredity of the Landsteiner blood groups In a summary pub 
Iished by Lattes in 1934 there was a total of 12,843 families with 27 418 
children A small percentage of apparent exceptions to the law of von 
Dungern and Hirszfeld was found However, the great majoritj of 
these apparent exceptions occurred in the earlier studies and may 
properly be attnbuted, in large measure, to fault) technic Therefore in 
table 1 5 w e have prepared a summary of onI> tho<;e studies on the hered 
ity of the blood groups which were published after 1924 (and for the 
period 1924 1932 only those which include more than 250 children) 
In this combined senes of 10,628 families with 24 343 children 
there were only 45 apparent exceptions to the theorv of von Dungern 
and Hirszfeld, and in not one of these cases could the po«Mbility of 
illegitimacy be excluded Consequently, it can be safel> stated and the 
opinion on this point is unanimous, that there is not a single completely 
proven exception to the law that the agglutinogens A and B do not op 
pear in the blood of a child unless present in the blood of one or both 
parents 

Statistical Considerations As Bernstein was the first to point out, 
when the theory of von Dungern and Hirszfeld is analyzed from the 
statistical standpoint, it does not conform to the expectancies 
Let us first consider the heredity of the agglutinogen A alone de 
pendent upon the allelic genes A and a 

Let p frequencj of germ celb in the population containing gene A 
p = frequency of germ cells in the population containing gene a 
Then p + ? = 1 (or 100 per cent), by definition 

If selective breeding and mutation are excluded the relative fre 
quencies of the genes A and a remain constant from generation to 
generation (This is ba«ed also on the assumption of equal viabihtj 
of the germ cells bearing the various genes ) On the other hand the 
frequencies of the phenotypes of A+ and A- onlj remain constant if 
the population is homogeneous For heterogeneous populations it can 
readil) be shown that equilibnum with respect to a single character like 
the agglutinogen A, dependent upon a single pair of allelic genes, is 
reached after one generation of random intermarriage ' 

’Hard} Science, 28 49 (1908) Unght Genetics 6 162 (1921) The 

general theorj of genetic equiiibnum in a populaUon has been given by Kemp 
[Genetics 14 So (1929)] 
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By reasoning analogous to that given on page 1 68, at equilibrium, the 
frequencies of the three genotj’pes are • 


Table IS 


Summary or PuBuyiEO Sixnais o\ the Heredity or the Blood Grouts 
{For the > ears 1924-1932 only those studies are included in nhich a total of 250 or 
more children were examined ) 


Parental 

Combina 

tion 

Number 

of 

Families 

' dumber of Children m Each Group* 

! o 

1 

A 


1 AB 

Totals 

0X0 

la63 

3772 

(.14) \ 

(<’) 

0 1 

379a 

OXA 

2903 

2707 

3749 

(m 

0) 1 

6467 

AXA i 

1385 

556 

2538 ! 

0 

(2) 

3096 

OXB 1 

1456 ! 

1418 

(7) i 

mi 

(1) 

3257 

BXB , 

554 ; 

203 1 

(0 ' 

1009 

0 

1213 

AXB , 

1400 

605 1 

957 i 

771 

S4S 

1 3181 

OX\B 

530 

w 

633 i 

646 

(2) 

1290 

AXAB , 

45o 

0 i 

533 ! 

247 

312 

' 1092 

BXAB 

323 

(.2) , 

183 i 

406 

232 

1 823 

AB XAB 

59 

0 

28 ! 

36 

65 

129 

Totals 

10 623 

9 271 

8 643 

4 96a 

1 464 

' 24 343 


•Numbers in parenthe«es represent contradictions to the beredit) theories (\ 
Dungem and Hirszfeld Bernstein ) 


This table includes 

200 families with 695 children by Sn>der IGenehcs 9 465 (1924)} 

1535 families with 3626 children bj Purubata Ichida and Kishi [Japan Med 
Mcr\dl 1 (1927)] 

179 families with 390 children by Czorsz [Wm II 34 1586(1926)] 

289 families with 816 children by Sievcrs \Aeia Pathol tt Mtcrobt^ Scand 
285 (1927)1 

118 famil es with 297 children by MayseilAmtl Sack" Ze>t 38 198 (1932)) 4 
267 famlies with 769 children b> Thomsen [Compl rend Soe Biol 96 1469 
(1927)] 

496 families with 496ch idren by Graff and WerlgartnerfBnlr Z gertchll ifedi^ 
7 98(1928)] 

50 families with 257 children by MorviUe [Acta Path rl ihcrobiol Scand 
6 39 (1929)] 

96 families with 30a children by L and H Hir^zfeld [Zlschr j Jmmunitats 
54 81 (1927)) 

1000 families with 1024 chddren by Ha'clborst [Zlschr / Konslitutionslehre 16 
227 (1931)] 

(Continued at foot of firxt page) 

‘The random association of two genes one from the mother and the other from 
the father mathematically pre*enU the same problem as the drawing of 2 balls from 
2 different bags as in the example gnen on page 168 
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frequency oi AA= p* 
frequency of Aa ~ 2pp 
frequency of aa = p’ 

The frequency of genotype AA is p*, since it results from the union of 
tno germ cells, each bearing gene A, and each therefore having the 


166 families with 685 children bj Landstemer and Levine [Jour Exp iled 48 
731 (1928)1 

100 families with 276 children bj RubashLin HecLer and KorotLm [Ukr Ze»lr 
/ Bliilgruppeuforsch 3 1 (1928)1 

185 families with 596 children by Kossovntch (Rrt tnlhropol 39 374 (1929)] 

209 families with 596 children bv Uemichi [Tatyo Ijt S/nnsht \o 2613 (1929)1 
348 families with 1080 children by Vuon ( Ida Sac tiicd Fenn Duodecim 12 

I (1929)1 

355 families with 971 children b> Ichidal/enr Immunol 16 81 (1029)] 

121 families with 318 diildren bj Oku Igakka>ai Zasshi 42 2693 

(1930)1 

249 families with 256 children b> Rirwan Tavlor [Jour Path and Bacltrtel 33 
313 (1930)1 

156 families with 69a children b> Wiener and \aisbcrg f/eirr Immunol 20 371 
(1931)1 

300 families with 300 chddren b> Buchnov (GiMCito/ 10 338(1931)] 

68 families with 215 children by Schiff and Sa^ki [Ztschr / Immunitatt TI 
129 (1932)1 

2317 families with 4782 children b> Burning (A/in Woch p 202 (1932) Ctnetsk 
Tijds \ederl lud 72 332(1932)1 

240 famdies with 325 children by I..attes and Carrasi [L/ndnidtia/ild del 5a»|Hr 
p 129(1934)1 

216 families with 839 children by Oka>a [Ilaasaigaku Zasiki 8 106 (1934)] 

287 farnUira with 570 children by Clausen JOndcrsigeLcr over de Scrologi'ki. 

]Blodt)peegcnskabc M ogh. Copenhagen (1934)] 

100 families with 220 children b> Hyman (Jour Immunol 29 223 (1935)] 

361 families with 739 children by Mourcau </c hc/jc <f« •S'ci Med 7 (1935)] 
56 families with 205 children by Zieve Wiener and Fries [ l«« Eug 7 163 
(1936)1 

103 families with 313 children by Malta [Publication No 11 of the Faculty of 
Medicine Egi-ptian University (1937)] 

107 families with 248 children by Tavlor and Prior ( iKH Eug 8 343 (1938)] 

94 families with 234 children b> HoJfonI f/owr Inf Dis 63 287 (1938)] 
bb lamfiies v\i3?n1o^ dni’i6rcnTw> ^kJiya^Hows«»t»k« 

81 families with 193 children b> Hitsxfeldand Kostuch [^cft^cils Zlichr f tflg 
Path u Bakt 1 23 (1938)1 

110 families with 428 children b) DahrlZlseir f tmmuinlals 97 170(1939)] 

98 families with 314 children b> Dahr, Weber and Offc (Zlrc/ir / Passcnphysiol 

II 78 (1940)] 

60 families with 238 children by Landstemer and Wiener [/oKr Exp Med 74 
309 (1941)] 
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frequency p For the same reason the frequency of aa is Genotype 
Aa may arise in two ways either bj the union of a sperm carrjmg 
gene A and an ovum carrying gene a, or by the union of a sperm carry 
mg gene a and an ovum carrying gene A, so that the frequency of geno- 
type Aa IS 2pp Obviously the frequencies of the three possible geno 
tj’pes must add up to 100 per cent (or unity) Thus, AA Aa aa = 
p* 4- ^PP P^ ~ (.P "h PY = f Similarly, if the frequencies of the 


Table 16 

Frequencies or the Four Blood Groups 
(Theory of \oa Dungem and ILrszfeJd) 


Groups* 

Genotjpes 

I Frequencies 

0 

aabb i 

1 P' T 


0) 

A 

AAib 

Aabb 

2pp 


0) 

B 

aaBB 

aaBh 



B 


AABB 




AB 

AaBB 

[ABb 

2pP q- 

ci-n 

(4) 


\oBb 

2pp 2qq 

3 



• 0, ^ B and AB TCpre«ent ibc frequencies of the lespective groups 


genes B and b in the germ cells are q and q, respectively, so that 
q and 5 = 1 , then, 

BB-\-BbA-bb=q^-\’2qq-\-q'’~{q+gy~\ 

Let us now consider the four blood groups 0, A, B, AB and the 
simultaneous heredit> of the two agglutinogens, A and B As %\e have 
already stated, the frequencies of the genes A and a {p and p, re-^pec 
tnel}) and of the genes B and b {q and q, respectively) remain con 
stant, m the absence of selection, mixture of races, and mutations 
If the population is homogeneous, the proportions of the four blood 
groups will remain constant from generation to generation® Again by 
apply ing the second probability theorem given on page 168, the frequen 
cies of the groups can be expressed in terms of the frequencies of the 

‘On the other hand if the onginal population is heterogeneous the departure 
of the distribution of the groups from that at equilibrium will be halved in each 
successive generation of random mteimamage fZamik Jahrhvch dfr VnnersUat 
Zagreb, p 214(1929) Also jee \\«itworth and Remick Genettcsl 603 (1916)] 
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genes Since, for instance, group O can arise from the combination 
of two genes a (each of frequency p) and two genes b (each of fre 
quency q), the frequency of the phenotype 0 (genotype aabb) is the 
product of the four frequencies or I" ^ similar way the other 
expressions are derived (cf table 16) 

According to the theory of \on Dungern and Hirszfeld, therefore, 
the following relationship between the frequencies of the four blood 
groups must hold, from equations (l)-(4) in table 16 

OX^=AXB (S) 

As a matter of fact, in the vast majority of the populations that have 
been studied thus far this relation does not hold (cf table 21) For this 
rea'Jon the theory that the agglutinogens A and B are inherited inde 
pendenlly of one another is not tenable 

The theory of hnhage mentioned above is open to the same statistical 
objection as the theory of \on Dungern and Hirszfeld As Bernstein 
pointed out in his original paper, the only effect of ImLage on the dis 
tnbution of the blood groups would be to delay the attainment of equi 
hbnum Therefore, the relation O X AB = A X B should also hold 
under such an hypothesis 

THE BERNSTEIV THEORY 

According to this theory, instead of two pairs of allehc genes, the 
existence of three allelic genes A, B, and 0 is postulated Under Bern 


Table 17 

Bervsteis’s Tiicoey 


1 

Phenotype 

1 Ccnot>’pc 

Ifomozjgous 

1 ireterozvgous 

AB 


\B 

A 

A 1 

10 

B 

BB 

BO 

0 

00 



stein’s theory, therefore, there is only one locus for the genes determin 
ing the blood groups m a single pair of cdiromosomes, at which locus 
any one of the three genes may be situated (cf fig 51) This type 
of heredilj, in which instead of the usual pair of alleles, setcrcl 
allelic genes exist, is not uncommon and is kno^vn as multiple allelism 
Since each germ cell contains only one of the three genes, A, B, or 0, 
from combinations of the three possible kinds of sperms with the three 




HEREDITY OF THE BLOOD GROUPS 181 

possible kinds of ova, six different genotypes result Furthermore, ac- 
cording to Bernstein's theory, genes A and B are both dominant over 
0, so that the genotypes corresponding to each of the four blood groups 
are as shown in table 17 

The agglutinogens A and B being transmitted as mendelnn domi 
nants, they cannot appear m the blood of a child unless present in the 
blood of one or both parents (In this respect, the Bernstein theory 
and the theory of von Dungern and Hirszfeld agree ) However, if either 
parent belongs to group AB, his or her genotype is AB, so that half 
of the germ cells will contain gene A and half gene B Every child 
will therefore possess at least one A or B gene and therefore cannot 


Table 18 


CoitPAMSON or THE TWO THEORIES OP HEREDITY OP THE BLOOD GrOUPS 


Groups of Parents 

Croups of Children 
i(v Dungern and Hirszfeld) 

Groups of Children 
CBemstein) 

1 0X0 

0 1 

0 

2 OXA 1 

0, A ! 

0,A 

3 OXB 1 

0,B i 

0,B 

4 AXA ! 

0, A 

0, A 

5 AXB 

0,A B.AB 

0, A, B, AB 

6 BXB ; 

0,B 

0,B 

7 OXAB 

0, A, B, AB 

A, B 

8 AXAB 

0, A B, AB 

A. B, AB 

9 BXAB 

0, A B, AB 

A,B, AB 

10 ABXAB 

0, A, B, AB 

A, B, AB 


belong to genotype 00 (or group O) Similarly, if either parent be 
longs to group 0, or genotype 00, all the children must possess at 
least one O gene, so that children of group AB are impossible Accord 
mg to Bernstein’s theory, therefore, a second law of heredity must 
hold The combinations, group AB parent with group O child and 
group O parent with group AB child, are impossible 

The heredity of the blood groups according to Bernstein’s theory is 
given in table 18 The expectancies are identical with the expectancies 
according to theory of von Dungern and Hirszfeld, except for the last 
four matings, in which one or both parents belong to group AB In 
asmuch as according to the older theory children of all four groups 
could result, naturally no exceptions to that theory could be found 
in these matings whereas exceptions might be found to the Bernstein 
theory 

As a matter of fact, a considerable number of “exceptions” to the 
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Table 19 

Blood Groups op CmtoRES mrn Croup AB Motjirrs 


Authors 

i 

I Year 

Number 

of 

Mothers 


Children’s Groups 


! ° 

1 

B 

1 AB 

Total 

1 Ohnesorge* 

i 1925 

9 

1 

1 ^ 

1 

4 

9 

2 Rech and W bhlischf 

1926 

7 

0 

4 

2 

I 

7 

3 Lattes, Badino and Ju 








hasz SchafTerJ 

1928 

13 

0 

7 

6 , 

0 

13 

4 Juhasz Schaffer! 

' 1928 

20 

0 

1 ” 

6 

3 

20 

5 V Khreninger Guggen 








bergerll 

1928 

7 

2 1 

2 

2 1 

1 

7 

6 PregtT*; 

1928 

16 

0 1 

1 ^ 

8 1 

5 

1 21 

7 Thomsen** 

1928 j 

65 

0 

1 35 

30 

13 

1 78 

8 Schifftt 

1929 

102 

0 

: 46 

33 1 

23 

102 

9 IchidaJJ 

1929 

IS 

0 

15 

7 

5 

27 

10 Liedberg!5 

1929 

10 

0 

1 ^ 

6 ' 

I 

10 

n WollTlIK 

1929 ; 

10 

0 

' 5 

4 

1 

10 

12 Wiener etal*:*’ 

1929 








1942 

89 

0 

51 1 

38 1 

22 

111 

11 Ha^elhorsl*** 

1 1930 

57 

0 

28 1 

' 17 1 

12 

57 

14 Huiningttt 

1932 

227 

0 

168 1 

208 

70 

446 

IS Wolff and Jonssontn 

1935 

28 

0 

17 1 

7 

4 

2S 

Total, 1 

67> 

3 

403 1 

37o 1 

165 1 

946 

Per cent j 

0 3! J 

42 6(1 1 

39 64 1 

17 44 j 

100 00 


*Zeutralbi f GyitSk 49 2SS1 (1925) 

] Zlsckf f Biol 84 515 (1926) 
i Gior di daKrfioi t immriiiot 3 ISI (I92S) 

ISchuti: iiicJ nod, 58 1132(1928) 

II Zlsdir / Cebuftsh u CynUi 30 104 (1928) 

•” Ztsdir f Immunildts 53 192 (1927) 

•* DeulscU Ztsdir j d ges gertchll Med 10 1 (1927) 
tt Loc cii 

it Jour Immunol 16 81 (1929) 

55 Ula Path el ilicrobiol SeanI 6 39 (1929) 
nil Ada Med Scand 71 54 (1929) 

Wiener, Lederer and Pola^es, /pw Immunol 18 201 (1930), Wiener 
unpubli<ihed data 

*** Ztsihr f Aenstiti((ioiijfrArc 15 177(1930) 

tff A/«« nodi 11 202(1932) 

jjj \da Path ct Microbiol Scand 12 131 (1935) 

Bernstein theory have been reported, but a comparison of the number 
of such cases found before and after the theory was expounded reveals 
a remarkable decrease during the latter period Thus in the 0 X AB 

“Sec Wiener, Lederer and Pola>es Jour /J7Jw«bo/ 18 201 (1930) 
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families, whereas 26 26 per cent of exceptions were found before 1926, 
only 3 61 per cent were found after that date Similarly in A X AB 
families there has been a decrease from 3 77 per cent to 0 87 per cent 
in the number of exceptions, in the B X AB families the number 
of exceptions has been dropped from 1111 per cent to 0 83 per cent and 
in the AB X AB families no exceptJon^ were found at any time This 
remarkable decrease in the number of exceptions found to Bernstein s 


Table 20 


Blood Groups or Ooldren with Group 0 Mothers 



Year 



Isumber 

ot 

Mothers 

Children s Groups 

O 



AB 

Total 

1 

Ohnesorge 

1925 

108 

85 

18 

4 

1 

lOS 

2 

Rech and W ohiisch 

1926 

70 

39 

22 

7 

2 

70 

3 

Lattes Badino and Ju 









hasz Schaffer 

1928 

195 

13o 

41 

19 

0 

193 

4 Tuhasr-Schaffer 

1928 

147 

116 

23 

12 

0 

151 

5 

V khreninger Guggen 









berger 

1928 

70 

52 

14 

2 

2 

70 

6 

Preger 

1928 

139 

108 

33 

11 

0 

152 

7 

Schiff 

1929 

788 

462 

255 

71 

0 

788 

S 

Icbida 

1929 

26 

22 

5 

9 

0 

36 

9 

Liedberg 

1929 

86 

52 

30l 

4 

0 

86 

10 

Wolff 

1929 

61 

39 

16 

8 

0 

63 

11 

Vt lener et al 

1929 









1942 

702 

465 

1S8 

95 

0 

748 

12 

Ha^eJhorst 

1930 

492 

314 

146 

34 

0 

494 

13 

Burning 

1932 

1274 

1265 

370 

646 

0 

2281 

14 

Wolff and Jonsson 

1935 

212 

125 

63 

24 

0 

212 

Totals 

4370 

3279 

1224 

946 

5 

5454 

Per cent 

60 12 

22 44 

17 35 

0 09 

100 00 


theory can probablj be explained m two waj s Firstly there has been 
a notable improvement m the technic Secondly, these cases did not 
attract the attention o! the authors until Bernstein published his theory , 
and i\ere therefore not retested 

A certain minimum number of exceptions are to be expected on ac 
count of illegitimacj , an uncertainty which is not present in animal 
and plant studies in genetics Thus, Uie combinations group AB fathers 
with group 0 children, and vice xer^a ma> be due to illegitimacy On 
the other hand, combinations of group AB mothers with group O chil 
dren and vice versa cannot be attnbuted to illegitimacy and constitute 
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true exception to Bernstein’s theory Sdiiff” has therefore suggested a 
study of the blood groups of mothers and children as a test of the 
theory In table 19, are presented the results of the ‘Studies of fourteen 
authors, gi\ mg the number of children in each blood group with mothers 
belonging to group AB In table 20, a similar summary is presented, the 
mothers here belonging to group 0 In the former table, three excep 
tions (0 31 per cent), and in the latter table, five exceptions (0 09 
per cent), are listed These eight exertions were found in only three 
of the fourteen reports, all of which were performed without knowledge 
of Bernstein’s theory, and which together include less than 5 per cent 
of the total number of cases examined The reliability of these observa 
lions can therefore reasonably be doubted 

More recent studies have revealed an important source of error in 
blood grouping which should be taken into account in subsequent work 
in this field According to Bernsteins theory, genes A and B are both 
dominant over gene 0, but Bernstein believed that the dominance of 
A and jB was equal Ashasalready been mentioned (cf page 35) how 
ever, Thomsen has found that the sensitivity of agglutinogen A is 
diminished m group AB, indicating «ome dominance of gene B over 
gene A Furthermore, there are two types of agglutinogen A, Ai and 
\i and agglutinogen A, is less sensitive to agglutination than A| In 
subgroup A,B, m particular, the sensitivity of agglutinogen A may be 
so decreased that a blood grouping based on the examination of the 
blood cella alone can lead to an erroneous diagnosis In new born 
infants because of the incomplete development of the agglutinogens, 
an A blood may be mistaken for group O (cf also page 26) 

This source of error can be illustrated by actual cases that have 
been reported in the literature As has already been pointed out ac 
cording to the Bernstein Uieory, two Jaws must hold 

1 The agglutinogens A and B cannot appear m the blood of a child 
unless present m the blood of one or both parents 

2 The combinations, group AB parent with group 0 child and group 
O parent with group AB child ate impossible 

A case which could be misinterpreted as an exception to the first law 
is the one reported bv Laguna '* In this family, the serological type of 
the mother’s blood seemed to be B, o, and of the father’s blood was B a 
There were three children whose blood was like that of the mother 
(B, o), four typical group B and two group A children By far the most 


’■ Kim n och 7 1317 (1928) fbtd 8 44S (1929) 

"There are some indications of a similar diminution in the sensitivity of the 
B acglutinogen in bloods of subgroup A,B lener unpublished observations) 
"Kim Week 9 547 (1930) 
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probable explanation was that the true phenotype of the mother and 
three children with similarly reacting blood AB, o (subgroup AjB) 
The situation in this case was clanfied by examining the «erum as \\ ell is 
the cells Since in medicolegal cases both cells and serum or routinely 
examined, there should be no difficulty from this source 

An apparent exception to the second law \Nas the case reported b> 
Worsaae “ In this case the mother belonged to group AB (tiubgroup 
A*B) and the infant apparently belonged to group O Several months 
after birth bonever, the agglutinogen A* could be demonstrated m the 
child s blood On the other hand in a case reported by Haselhorst and 
Lauer,” where the mother also belonged to subgroup A B, the child s 
group persistently remained group O, although the blood was re 
peatedly examined over a period of two years A similar unexplained 
exception was reported by Kossoviich '* 

Theoretically, exceptions such as the case of Haselhorst and Lauer 
might result from mutations although evidence for the recent occur 
rence of such mutations is lacking Another explanation offered con 
siders the possibility of non disjunction *’ A decision can only be reached 
through family studies, in case further exceptions to the theory are 
encountered 

A theor> to explain Bemstem exceptions could be conslnicted on tbe 
thetical assumption of four com^etely linked pairs of genes {Ab) (cB) (ab) and 
(AB) or what amounts to practically the same thing by assuming the existence of 
four allelic genes of which three genes are the genes A B and Q of Bernsteins 
thear> and the fourth allelic gene <C) acts like the genes A and B together and 
determines the presence of both agglutinogens A and B Natural!) tbe fourth allelic 
gene (C) if it exists at all would have to be extremely rare Thu possibilit) which 
was first considered by the writer'* and independenlly by Edwards and Elhenng 
ton** would imply the existence of four different genot>’pe5 m group AB namely 
AD CO CA and CD This would call for the existence for example of certain 
families OXAB (OOXCO) m which half of the children belong to group 0 
and half to group AB none to group A or to group B ^^ince such families have 
not been found the existence of a fourth allelic gene seems very improbable 

It has been suggested that any apparent exceptions to Bernsteins 
the&F}' he a!i3}yj:ed in the fdileTiing nay 

1 Complete examination of cells and serum with several sets of re 
agents 

2 Examination of specimens taken at different intervals, e«peciallj 


"KUn Dock 9 938 (1930) 

*Ziickr KonsittHtionsUkre 15 203 (1930) ibid 16 277 (1931) 
"Rei Antkropol 39 3/4 (1929) 

"Lev me 

'Wiener Lederer and Polajes Jour Immunol 17 218 (1930) 
*AaIiircl36 297 646 (195S) 
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in the case of infants whose blood groups may not be fully developed 

3 Confirmation bv workers with great experience 

4 Determination of the subgroup of any group A or group AB bloods 
in question 

5 Complete study of the familv 

Statistical Constderatton Tlie frequences of the gene<5 A, B, and 0 
postulated by Bernstein’s theory are readily determined when the fre 
quencies of the four blood groups are known, provided tbit the popula 
tion i3 homogeneous For multiple allelic genes, just as in the case of 


a single pair of allelic genes, equilibrium is reached after a single genera 
tion of random intermarriage If />, q, and r represent the frequencies 
of the genes A, B, and 0, respectively, and the population m question 
is homogeneous, then the values of p, q, r may be derived as follows 
cf page 179) 

Phenotype 

Genotype 

Frequenaes 


■q 

00 


{<>) 

X 

(AA 

1/10 


(7) 

X 

(BB 

Ibo 


(8) 

AB 

4B 

2pq 

(9) 

Furthermore, b} definition p-\-qA-r^ \ (or 100 per cent) 


From (6) 

'•’Vo 


(10) 


B) adding (6) and (7), we obtain 

0+A«i>»+2^r+r»=(^+rr 

so that 

But ^+ 7 +r=l or pA-r=\-q 
Therefore, 1— N^O-l-A 


andy^I-VO+A (U) 

Similarlj, ^=1 — Vo+B (12) 

If the Bernstein theory is correct, the values of p q, and r given by 
vlO), (11), and (I2),mustsatisfy the relation,/' 4- ? + »■= 1 so that, 

(1_v/0+B)+(1-Vo+A)+v'0=I (13) 
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In any given population, of course, relation (13) need not hold 
exactly. (This is analogous to the penny-tossing experiment previously 
mentioned (cf. p. 171), where it was pointed out that exactly 50 
heads out of 100 could not reasonably be expected in every experi- 
ment.) If the deviation of the calculated sum, /» -)- 9 + from 100 
per cent be designated at D, so that D = 1 — 9 + ^)> one can 

determine for any given population whether the deviation found is 
larger than would be expected as a result of chance alone, provided that 
the probable error or D is known. According to Bernstein/® the probable 
error of D can be calculated from the frequencies of the genes, by 
means of the following formula* 


PEd= 


0 67-45 / pq 

\/r. 


ViTT 2{1-/>)(1~?)' 


(U) 


A large list of populations Is available in which the distribution of 
the blood groups has been determined Sleffan” lists the results of 
more than six hundred such studies Inasmuch as these studies were 
performed by many different authors, some of whom used a question- 
able technic, there are many apparent discrepanaes If, however, only 
reports of u'orkers whose results are known to be reliable are con- 
sidered, they will be found to agree with the expectancies E g , in 
tables 21 and 22, we have listed fourteen different populations, all of 
which were tested by H and L Hirszfeld ” As__has ^ead^ beeji 
pointed out, in not a single case does the relation O X AB = A X B 
hold (cf table 21) On the other band, as shown in table 22, the rela- 
tion, P q r ^ I, where p, q, and r have the values given by for- 
mulae (10), (11), and (12), holds quite satisfactorily. From a statisti- 
cal standpoint, therefore, the available data strongly support the 
Bernstein theory. 

By using the so-called Chi Square method of measuring goodness of 
fit, Strandskov®* has also demonstrated that the available statistical 
data support the Bernstein theory. 

Naturally, the calculated \alues of p, q, and r, being based upon observed fre- 
quencies will not satisfy equation f+ 9 +r=I perfectly (see table 22) For the 
purpose of <ubstitution m formulae involving p, q and r, it is desirable to have a set 
of values adding up to the unity Therefore, Bemstcm has derived such a set of 
formulae which at (he same time gives the best statistical fit 


”Zlsckr / mdukt Abstanini u Vererbungslehre 5^: 400 (1930) 

“ Handbuchder EtutgruppenkundeiP 3%,J F Lehmann (1932) 

’’Lancet 2: 67S (1919) 

”/our Immunol 21* 261 (1931) Also «e Stevens, /lim Eiig 8* 362 (1938) 
**Zlschr / tndukt Abslamm u Vererbmtgsi 56: 233 (1930) Cf Stevens, /ac 
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Tabix 21 


Statjsticai. Test of Theory or »on Dcnczrv avi> Hirszfeld 
(Made with data accumulated b> L and H Hirszfeld*) 


Race 

Number 

of 

People ' 

1 Frequenci(» of Groups 

OXAB 

AXB 

0 1 

A 

L” 

1 AB 

English i 

500 

0 464 

0 434 

0 

072 

0 

031 

0 0143 

0 0312 

French 

500 1 

0 432 

0 426 i 

0 

112 1 

0 

030 

0 0129 

0 0477 

Italians 

500 

0 472 

0 380 

0 

no 

0 

038 

0 0179 

0 0418 

Serbians 

500 

0 380 

0 418 

0 

156 

0 

0t6 

0 0175 

0 0642 

Greeks 

500 

0 382 

0 416 

0 

162 

0 

040 

0 0153 

0 0674 

Bulgarians 

500 

1 0 $00 

, 0 406 

0 

U2 

0 

062 

0 0241 

1 0 0577 

Arabs 

500 

1 0 432 

0 324 

0 

190 

0 

050 

0 0218 

0 0616 

Turks (Macedonia) 

500 

Q 368 

1 0 380 

0 

186 

0 

066 

0 0243 

0 0707 

Russians 

1000 

0 407 

0 312 

0 

218 

0 

063 

0 0256 

0 06S0 

Spanish Jens 

500 

i 0 388 

1 0 330 

1 ^ 

232 

0 

050 

0 0194 

0 0766 

Madagascans 

400 

0 458 

! 0 262 

0 

237 

0 

045 

0 0261 

0 0621 

Senegal Negroes 

500 

0 432 

0 224 

0 

292 

0 

OsO 

0 0216 

0 0654 

Annamese 

500 

1 0 420 

1 0 224 

1 0 

284 

0 

072 

0 0302 

0 0636 

Hindus 

1000 

1 0 313 

0 190 

0 

412 

0 

OSS 

0 0266 

0 0783 


* The tabic that appears tn ihepaperbyL and 11 Hirszfeid also includes statis 
tics concerning the Germans and Austrians These statistics are not included here 
since they nere cited b) pnviory from the studies of von Dungem and Hirszleld 
in German) and o( Landstcinerin Vienna 


Table 22 


Statistical Test or Bervstejs s Theorv 


Race 1 

P 

9 

*• 1 

P+q+r 

Dev 

I PE 

1 Dev 
PE 

English 

0 

268 

0 

052 1 

0 

681 

1 

001 

0 

00! 

0 

0037 

0 

3 

French ' 

0 

262 ' 

0 

074 1 

0 

657 1 

0 

993 

0 

007 

0 

0037 

1 

9 

Italians 

0 

237 

0 

077 

0 

687 

1 

001 

0 

001 

0 

0034 

0 

3 

Serbians 

0 

268 1 

0 

107 

0 

516 

0 

991 

0 

009 

0 

0045 

2 

0 

Greeks 

0 

262 

0 

107 

0 

618 

0 

987 

0 

013 

0 

0044 

3 

0 

Bulgarians 

0 

271 

0 

108 

0 

624 

1 

003 

0 

003 

0 

0045 

0 

7 


0 

209 

0 

129 

0 

660 

0 

998 

0 

002 

0 

0042 

0 


Turks 

0 

256 

0 

136 

0 

607 

0 

999 

0 

001 

0 

0049 

0 

2 


Q 

2 10 

0 

152 

0 

638 

1 

000 

0 


0 

0030 



Spanish Jews 

0 

213 

0 

153 

1 0 

623 

0 

989 

0 

on 

0 

0047 


3 

Aladagascans 

0 

168 

0 

154 

0 

675 

0 

997 

0 

003 

0 




Senegal Negroes 

0 

149 

0 

189 

0 

657 

0 

995 








1 0 

161 

1 0 

198 

1 0 

648 

1 

oos 







Hindus 

0 

149 

' 0 

291 

' 0 

560 

1 

000 

0 



0 
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(15) 


( 6) 


(17) 


When the frequencies of the genes ate kno«D it is possible to determine v,hat 
the percentages of children belonging lo each group should be for each of the ten 
possible matings Thus, in mating AXO, the group A parent could belong to geno- 
t>"pe AA or genotj’pe AO The frequency of mating AAXOO is since there 
are two possibilities AA father and 00 mother, or 00 father and AA mother, with 
the frequency of AA eauai to p*, and the frequenej' of 00 equal to r* AH of the 
children in this case must belong to group A The mating AOXOO can occur in 
4pr® ways, and half of the children of this matmg belong to group A and half to 
group 0 The frequency of group A children in the mating AXO therefore is 
ipV*+2pr*=f2pr*(p+r), and the frequency of O children in «uch a mating is 2pr» 
In a similar manner, the rest of table 23 is derived 


Table 23 

Gbocp pREQUEvaEs OP CrntDREN IN Each Maiiso in Terms or p, q, and r 
(After Scbift*) 


Groups 

of 

Blood Groups of Children 

Parents 

0 

A 

1 » 

AB 

0X0 

r* 




OXA 

2pr^ 

2p''(.P+r) 

1 


OxB 

' 2qf* 


2qr'iq+r) | 


AXA 

' 

p'(J>-Pr)(p-¥3r) 



AXB 

2pqr* 


2pqr^q+r) 

2pq(pi-rHq+f) 

BXB 

qh' 


1 qHq+r)iq+3r) 

1 

OxAB 


2pqr^ 

1 2pqr* 


AXAB 


iP'^qipA-lr) 

1 2p^gr 

2p'q{p+r) 

BXAB 


2pq‘r 

1 2pq^lq+2r) 

2p^(q+r) 

ABXAB 1 


PV 

i 

2PY 


* Teefimk der Blu(irupfitnunUTsuthHn{„p 68, Julius Springer, Berlin (1932) 


The expected frequencies of the children listed in table 23 are ex- 
pressed as percentages of the total number of children from all mat- 
ings If it is desired to analyze each sort of mating separately, the 
formulae should be divided by the frequency of the mating In mating 
A X AB, for example, the frequencies are to be divided by 
(P 2r) Except for the mating 0X0, where all the children belong 
to group O, and the matings where at least one parent belongs to AB, 
the frequencies of the groups among the children are functions of p, 
g and r. However, these formulae ate not applicable to the data given 
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in table IS, since this is a compilation of the obser\’ations of many 
authors from different parts of the world with different values of p, 
q and r. It is possible to test Bernstein’s theory, however, by determin- 
ing how closely the observed distribution of the groups in the children 
fits with the expected values in those cases where these are independent 

Table 24 

Statistical Analysis or Matings in Table IS Havi.nc at Least One 
Group AB Parent 

Comparison of distribution of groups among the children wth that expected 
according lo Bernstein's , 


Parental Combination 

j Number of Children in Croup 

O 

A 

B 

AD 

Total 


_ 

633 

646 


1279 

IPer Cent 


49.5 ±0 9 

so 5+0 9 


100 0 

OXAB \ 






Expected (Per Cent) 

I 0 

50 

50 

0 


.Obstrvcdli;’"”''" 


533 1 


312 

1092 

r iPer Cent 

i ^ ^ 

48.8±I 0| 

1 247 ; 



\x\n , 






f Expected (Per Cent) 

0 

SO j 

— 




1 


1 2<A-t-2r) 1 

2(,.+2r) 

1 

Obsm-cdJNNmbtr I 

_ 

183 1 

406 

232 

821 

1 iPtrCent 



49 4 + 1 2 



B X \B ^ 1 






' Expected (Per Cent)! 

0 

2(?+2f) j 

50 







2(?+2r) 


fob'wrvcd/^'™''"' 

0 

2S 

36 

65 

129 

.XBxAbI Cent 


21 7±2 4 

27 8+2 6 



^Expected (Per Cent) 

0 

25 

25 [ 

50 



Figures following ± sign represent probable errors. 


of p, q and r. This has been done in table 24, and it will be seen that 
in every instance the observed frequencies agree closely with Bern- 
stein’s theor>'. 

In all published studies on the heredity of the blood groups, little 
attention has been paid lo the mating A X B since here children of any 
group can occur under both proposed theories of heredity. Evidently, 
it was believed that this mating would throw little or no light on the 
mechanism of heredity. As is shown below, however, an analysis of this 
mating furnishes an important index of the reliability of the results 
reported by each Investigator. As has already been pointed out, the 
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most important cause of apparent exceptions to Bernstein’s theory 
is technical errors After Bernstein’s theory was promulgated, the 
number of such discrepancies dimini<ihed markedly, since such cases 
^\e^e then recognized and retested In the mating A X B, however, no 
such check on the technic is available, and only by comparing the 
observed distribution of the groups in a large series of children with the 
expected values are such technical errors revealed 
The matings A X B are of four varieties. 


Genotjpes 


Per Cent Distribution of Groups m Children 


Parents 

0 

A i 

B 

AB 

AAy.BB 

0 

0 

0 

too 

AAXBO 

0 

SO 

0 

50 

AOXBB 

0 

0 

50 

SO 

AQy.BO 1 

25 

25 

25 j 

25 


Accordingly, (AB — O) ^ (A — 0) 4- (B — 0), or the excess of 
group AB over group 0 among the children should be slightly greater 
than the sum of the excesses of A over O and of B over 0 In table 15, 
however,wefindthatinihemating A X B, (A — 0) a=:3S2, (B — 0) =: 

TABtE 25 


Statistical Analysis or Mating A XB in PoBUsitEt) Studies* on the Heredity 
or THE Blood Groups 


Years 

of 

Investigators 

1 Number 

1 of 

Number of 
Children 

(AB-0) 

(A-0) 

+ 

Studies 

Families 

0 

A 


AE 


(B-0) 

19I0'1924 

11 reports 

92 

26 

64! 

62 1 

38! 

12 

72 

1916-1927 

Japanese authors 

87 

27 

71! 

54| 

641 

38 

69 

1926 

Bessiedm 

47 

10 

42 1 

42 1 

22 

12 

64 

1925-1927 

Furuhata, Ichida 
and Kishi 

257 

125 

190 

140 

146 

! 

I 21 

80 

1925-1927 ' 

Snyder, Scbiff and 
Thom«en (pooled 
data) 

49 

24 

1 

1 

39! 

37 

53 

i 

29 ■ 

28 

1925-1927 

11 reports 

196 

50 

146 1 

103 1 

82 

I 32 , 

149 

1928-1929 

13 reports 

425 

150 

295; 

2261 

305 

1 55 , 

221 

1930-1932 

19 reports 

198 

78 

no' 

91' 

82 

1 4 

54 

1932 

Buinmg 

336 

225 

285' 

274 1 

33S 

1 113 

109 

1932-1942 

13 reports ' 

158 1 

74 

118' 

96! 

131 

57 1 

66 


• The data for studies up to the jcar 19J2 nere obtained from Lattes (L’In 
dividualita del Sangue, Mdano, 1934). 
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166, nhile (AB — 0) = 243, so that (AB — 0) is equal to less than 
half the expected value The cause for this large discrepancy becomes 
apparent from inspection of table 25 It is seen that the discrepancies 
occurred in the reports published before 1932, with the exception of 
the pooled results of Snjder, Schiff and Thomsen, three of the most 
outstanding workers in the field, nhich fit the theory despite the fact 
that their investigations were earned out as early as 1925 27 The 
pooled data from 13 reports m the most recent period (1932 1941) 
differ only slightly from the calculated values and Buimngs extensive 
material (1932) gives an excellent fit It is significant moreover that 
the deviations noted in the earlier reports are all in the same direction 
pointing to the occurrence of similar technical errors *’ 

As for the nature of the errors probably the most important is the 
incorrect diagnosis of A,B blood as group B instead of group AB 
Accordingly m matings A, X B too manv B and too few \B children 
would be recorded Such errors would tend to lower the value of 
(AB — 0) and at the same lime would raise the value of (\ — 0) + 
(B-0) 

In studies of blood groups in mothers and children it is possible to predict the 
frequency of each mother child combination when the dislnbution of the blood 
groups in ibe population is knowD Eg Ibe frequency of the combination group 0 
mother with group 0 ch Id is denied as follows 

Group 0 children result when (be father belongs to group 0 (100 per cent) when 
he belongs to genotype AO <50 per cent) and also when he belongs to genotj-pe BO 
(50 per cent) The frequencies of the matinn are 

mother OOXfather 00~r* 
mother OOXfatber 
mother OOXfather 

Therefore the combination group O mother with group 0 child has the frequency 
r*-hpr*+qr*=r*(p+q hr) “r* 

(since p+q+r=l) 

The other frequencies given in table 26 were den\ed in a similar manner SchilT was 
the first to suggest this method of testing the Bernstein theory and his data fully 
‘upport the theory Similar results have been obtained by other authors 

Results of blood grouping tests performed in cases of disputed paternity can be 
analjzed from the standpoint of Bernsteins thcoiy The present writer has shown*' 
that in a population such as that custing in New \orl. Cit> the chances of prosing 
nonpaternity are 18 05 per cent but il the special ‘Bernstein exceptions are nOi 
useu this is reduced to 14 75 per cent Hence the increase in the number of exclu 
sions resulting from Bernsteins law should be approximately I in 4 or I in a 
For the Swedish population studied by 3\oIff and Jonsson** the theoretical!) expected 
ratio of Bernstein exclusions to dominance exclusions is 215 to 12 69 or 1 to 6 


”Cf Tajlor Race Prior and Ikin Jour Path and Bail 54 8J (1942) 
"Jour Immunol 19 259 (1930) 

” Aela Path (I Jlicrobtol Scand 12 131 (1935) 
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approximately This agrees salJsfactonly x«th the ratio actually found by these 
authors in 883 paternity cases (9 Bernstein exclusions and 58 exclusions based on 
the dominance la'^) 

On the basis of the above calculations it iiould seem difficult to explain ■wb> in 
the general table of blood group inhentance ishicb appeared in the first edition 
of this book there %ere 106 aji^renl contradiUons to Bernstein s Jaw in comparison 
to only 60 apparent exceptions to the Jaw of von Dungern and Hirszfeld If these ap 
parent exceptions were entirely due to illegitiinacy there sbouJd have been a mucli 
smaller percentage of exceptions to Bernstein s theory In fact for reasons already 
pointed out (cf page 182) the majority of reported contradictions to Bernstein s 
theory can be attnbuted to faulty techmc ille^timacy playing only a minor role 
In the revised table summarizing only the larger and more recent studies on the 
heredity of the blood groups (cf table 15) there are only 13 apparent exceptions 


Table 26 

pREQUESaES 0? MOTHER CHILD COUBISATIOVS TeSUS OF p Q A*ID f 
(After Schiff) 


Group 1 

of ' 

Mother 

i Children s Groups 

i 0 

i ^ 

B 

1 AB 

0 

i H 

pr^ 

gr* 

1 0 

A 

1 pr* 

P(fi*+ipr+f*) 

Pgr 

1 pgip+r) 

B 

1 

Pgr 

S(9*+3gf+r») 

, pg{g+r) 

AB 

1 0 

Pg(P+r) 

1 Pgig+f) 

Pg{.P+q) 


to Bernsteins law in comparison to 45 exceptions to the dominance law giving 
a ratio of 1 to 3 5 for the two sorts of exceptions Considering the relatively small 
number of cases involved (58 cases) this does not difier significantly from the 
expected ratio iforeover the agreement is further unproved when one considers 
that technical errors stiil cannot be excluded entirely 

Recently Malta” attempted an analysis of the reported exceptions to Bern 
stems theory along similar lines but arrived at the conclusion that the published 
data contradict the theory Malta s erroneous conclusions are due to the improper 
selection for analysis of only a small portion of the published material available 
The theory which Malta himself proposes is far less plausible and does not con 
form with actual observations 

Sen/c'irgrca^C 0 nsra'erafi<rns Under CiKt/i&icyvf vun Dan^msadHtrs^ 
feld the blood of group O individuals (genotype aabb or ‘Not A, Not 
B ') would be characterized merely by the absence from the erythrocytes 
of A and B agglutinogens Under the Bernstein theory, on the other 
band, it could be expected that such individuals (genotype 00) would 
possess a special ‘ O ’ agglutinogen m their ery throcj tes Hence the 
discovery of the existence of sera which selectively agglutinate group 
0 blood** lends additional support to the latter theory (cf page 201) 

"'Publication Iso 11 Faculty of Mechane of the Egyptian University 1937 

"Schiff khn T1 ocft 6 303 (1927) 
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Ilcredtly oj the hoagglutmms Thus far we haNC considered the hered 
ity of the blood groups only with reference to the agglutinogens, the 
agglutinins have not been taken into account From the rule that those 
isoagglulimns are present for which there are no corresponding agglu 
tinogens, the heredity of the i^oagglutinins might be said to depend 
upon the heredit> of the isoa^Iulinogens But what is the reason for the 
reciprocal relation between agglutinin and agglutinogen’ Tno theories 
ha\e been suggested either of which would account for the facts 

(1) According to Bernstein’* all individuals produce both « and 3 
agglutinins It has already been pointed out that the isoagglutimns 
develop later than the isoagglulmogens (cf page 21) In an individual 
of group A, first the agglutinogen A will appear When the agglutinins 
a and 3 are now elaborated, the former agglutinin will be absorbed 
by agglutinogen A The effectueness of this mechanism is enhanced by 
the presence of group specific substances in practical!} every tissue in 
the body (cf Chapter XVII) 

(2) To account for a regular occurrence of both isoagglutimns m in 
duiduals of any group, Schiff and Adelsberger” have suggested that 
every individual possesses not only the antigens charactenMic of the 
group but also tho<e foreign to the group m minute quantities — sufficient 
to stimulate the production of antibodies but not enough to absorb the 
antibodies once lhe> are formed This concept would imply a physio 
logical immunization that continues throughout life Thus far no 
perimental evidence has been offered in support of the hypothesis 

(3) Furuhata** has offered a different explanation lor the appearance 
of the isoagglutimns According to Furuhata the blood groups ire m 
hented by means of two pairs of allelic genes, A and a B and b where 
A IS dominant over a, and B is dominant over 6 \nd 

A determines appearance of agglutinogen A 
a determines appearance of agglutinin a 
B determines appearance of agglutinogen B 
b determines appearance of agglutinin 3 

According to Furuhata s theor>, these four genes are transmitted in 
three completel) linked pairs,” (A6), (oB), and {ab) which obvtou«.l> 
correspond to the genes B, and O of Bernstein Consequent!} this 
theory yields the same results with regard to the heredity of the blood 
groups as the Bernstein theory The only difference between the two 
theories is that according to Furuhata incompatible agglutinins are not 


" Loc at 

' Centralbl f Bakter Par<isitetii u Infeklion 93 172 (1924) 

” Japan Med ]l arid 7 197 (1927) 

"Cases of complete linkage such as the one postulated b) Furuhata are 
ord narily considered b> genelici‘ts as rouhipdc e&etls ot a single gene 
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formed, whereas according to Bernstein they are formed but eliminated 
The genot3T5es corresponding to each of the four blood groups accord 
mg to Furuhata’s theory, are shown in table 27 

Fnedenreich®* has recently pointed out that although either of the 
two hypotheses discussed explains the regular relationship between the 
isoagglulinogens and isoagglutimns, the former is more general in so far 
as it can more easily be extended to explain the occurrence of irregular 


Table 27 

Hereditv oe the Blood Groups Accordivg to Furuiuta 


! 

Phenotype 1 

[ Genotype 

Homozygous 

Heterozygous 

0 1 

(a« («*) 


A 1 

iAb) (A6) 

(Ah) (ab) 

® i 

(oB) (aB) 

(«5) (ab) 

AB 

! 

(Ab) (oB) 


agglutinins m the subgroups of group A and group AB (cf page 204) 
For this reason, in his opinion, the hypothesis offered by Bernstein 
seems more likely to be correct 

According; to Dupont^’ the isoafgiutinms are acquired characteristics resulting 
from oral immunization ntch animal foods and possibly bacteria containing A and 
B antigens But this purely hypothetical idea does not account for the regularity 
in the occurrence of isoagglutminsalsoin peoples nith entirely different food habits *'* 
Moreover in ii\ot ol the constitutional nature of the isoagglubnins may be men 
lioned again the regular presence of anti A agglutinins in certain monkey species 
and of anti B agglutinins in other monkey species (cf page 30) Finally while the 
titers of the isoagglutimns of different mdividuah vary considerably the titer 
tends to remain constant in the same individual and according to Buhler’* there is 
a much higher correlation between the isoagglutinin titers in monovnilar twins than 
in biovTilar twins 

Constancy of the Blood Groups As we have already pointed out, the 
phenotype results from the interaction between the germ plasm and 
the environment Thus, if one of two plants of identical genotypes is 
planted on rich soil, and the second is planted on poor soil, the former 
will grow normally whereas the growth of the second may be stunted 


"Ztschr j Immumtals 71 1 (IWi) 

“Arch Inlernat de Hid Exp 9 133 (1934) 

” Also the properties A and B in materials not of human origin ate m general 
qualitatively different from the human A and B (cf page 234) 

*'Ztschr f indukt Abstamm u \ererbunss 70 463 (1936) However see 
Ottensooser and Tobler Zethchr f Immunitats 90 65 (1937) For a di'cussion of 
the question of independent inheritance of agglutinins cf page 270 
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The blood groups differ from many other characteristics in their inde 
pendence of environmental influences Once the blood groups are com 
pletely established (within the first two years of hfe) they remain 
essentially unaltered This indeed is the basis of their medicolegal ap- 
plications (cf Chapters XXI and XXII) 

Exceptionally an apparent change in blood group is seen which is produced bj 
the transfusion of blood of another group Thus w a case seen b> the author an 
infant of group 0 was gi\en blood of group AB through an error in typing (cf 
page 4) No reaction resulted and the transfused blood could be demonsirated in 
the patients circuIaUon after the tran«(usion Subsequent to the transfus on b> 
the usual methods of blood group ng ihe cbild nusht have been considered to belong 
to group AB This of course is not a true change in blood group and after the 
transfused blood disappears from the circulation the onginal group once more be- 
comes apparent* • 

A number of authors have claimed to have observed changes in blood 
groups resulting from infectious diseases \ rays galvanization ther 
apy with quinine narcotics etc These results were certainly due to 
errors in technic some of the investigators made u»e of a technic 
which favors errors namely the mixture of whole blood or of cor 
puscle sediment with diluted serum (cf page 20) In this connection 
it has been found that galvanization \ rays and other agents in 
fluence the sedimentation time, so that some of (he earlier observations 
were probably caused by rouleaux formation Furthermore, m no ca«e 
was the grouping confirmed by examination of the «erum 

Similar investigations by reliable workers ” on the other hand have 
failed to reveal any evidence for the belief that the blood groups can 
change 

Blood Groups in Tittns Two types of twins are distinguished the 
uniovular type (identical twins) and the biovuhr type Since uni 
ovular twins arise by the division of a single ovum their genotyTCs are 
identical whereas biovular twins are no more closely related than 
ordinary brothers and sister« It follows that the blood groups of uni 
ovular twins must be identical and such has been found to be the case 
More recently, Schiff and Versdiuer” have demonstrated that the 
genotypical identity of uniovular twins also holds for the agglutinogens 
■Mand^tci Chapter XYV'y and ttie sx&gttntps tA gitfip X 
AB (cf Chapter XII) Therefore the agglutinogens of human blood 
can be used as an additional critenon for determining whether or not 


Al'o see the interesting case reported by Lauer [Ztschr f Jmmunitats 99 
433 (1941)1 

“Schiff Techntk der Blulgruppenuntersaekung 7 Berln(1932) Landsteincr 
Lattes Hirsafeld Snjder personal ob«ervatjoiis etc 

“Kim II oeh 10 723 (1931) Ztsckr / ilorphol u Anlkropot 32 244 (1933) 
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twins are identical, alongside of sex, color of the eyes and hair, features, 
etc/® (cf, page 376). 

Blood Groups and Sex Numerous studies have failed to show a sig- 
nificant difference in the distribution of the blood groups in the two 
sexes in the general population, or in the progeny of any of the ten 
possible matings. This indicates the absen<^ of any relationship between 
blood groups and sex, and shows that the genes determining the blood 
groups are not located in the sex chromosomes (cf. page 166). 

Blood Groups and SuperfecundaUon Super/ecundation, if it occurs at alt, is ad 
mittedly a very rare pbenome&on Augsberger^* has suggested that this obscure ques- 
tion may be cleared up by means of Wood grouping Thus, according to Augsberger, 
)f a group 0 mother giNCs rrse to twins, one belonging to group A and the other to 
group B, if it is found that one father belongs to group A (or B), then there must 
be a second father belonging to group B (or A) A difficulty is the possibility that 
both twins could also he explained by adultery wilh a man of group AB The same 
objecuon applies to the other combinations tabulated by Augsberger and Lattes,** 
which, if they occur, are supposed to prove superfecundation However, should a 
group 0 mother give nse to triplets belonging to groups 0, A, and B, respectively, 
this anomaly could only be explained by assuming the existence of two fathers, so 
that superfecundation would be established There are other similar cases wHch 
could prove superfecundation if tests ace made for the subgroups of groups A and 
AB, eg, group 0 mothers with triplets 0, A, and A, 

Jour Heredity 2A: 339 (1933), Wiener, Hnmn Biology J: 222 (193S) 
”Ktni Woch 6: 1992 (1927) 

** IndniduoUtv oj the Blood, p 258 



CHAPTER XII 


THE SUBGROUPS OF GROUP A AND GROUP AB 

Because the existence of subgroups in group A and group AB plays 
a role in the technic of blood grouping, we have found it nece'^sary 
to refer to these subgroups a number of times in the preceding pages 
In 1910, von Dungern and Hirszfeld* reported that when a group B 
serum w-as absorbed with certain group A bloods until it lost the 
power of a^lutinating the absorbing blood, the serum still agglutinated 
most other bloods of group A and group AB, On the basis of these 
observations, they suggested a subdivision of group A and group AB 
Similar observations were reported by Guthrie and Huck * Coca and 
Klein,* and Kline, Ecker and Young* more than ten years later 
The existence of subgroups in group A and group AB depends on the 
fact that the agglutinogen A is not a single substance, but includes two 
main sorts of properties, designated by Landsieiner and Levine* as 
A, and Aj Thus there are two different sorts of group A blood, de- 
pending on whether the A agglutinogen is A, or A*, and similarly 
there are two sorts of AB blood, A.B and AjB. As was pointed out in 
chapter II, the serums of group B and group 0 individuals contain 
agglutinins that react specidcally w’lth the agglutinogen A According 
to the older concept this Isoagglutinin is a single entity designated as 
anti A or a As a matter of fact, it has been found that the so-called 
a agglutinin is composed of qualitatively different fractions of which 
there are two main varieties (1) anti A agglutinin proper, reacting 
w’ith both agglutinogens, A, and A„ with appro,ximately equal intensity, 
(2) agglutinin anti-A, or a, which reacts with agglutinogen At but 
practically not at all with agglutinogen A, 

Different B and O sera contam lhc«e two agglutinin fractions in \ar>infi quanli 
ties and proportions It is clear, therefore, that two different B sera which react with 
A, cells at approximately the same liter may have different tilers when tested against 
cells. Thus, one scrum, if it contains \er> much anti A, and very little of the 
common anti-A agglutinin, might have a titer of 40 for A, cells and only a titer ol 
5 for Aj cells On the other band, another scrum which contains a large proportion 
of common anli-A agglutinin might have a titer of 20 to 40 for A, cells even though 
the liter for A, cells is no greater than that of the first scrum (40) In extreme in 

'Ztschr / /mwHiii/alj 8: 526 (1911) 

*Bull Johns Ilopkms Hasp 34: 37, 80. 128 (1923) 

'Jour Immunol 8: 4*7 (1923) 

'Jour Immunol 9* 595 (1925) 

'Jour Immunol 18: 87 (1930) 
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stances B "enim may react distinctly on and practically not at all on cells 
This 15 the reason \shy e\ery group B serum us^ for grouping purposes should 
be titrated against A, cells as well as A, cells (cf page 18 ) Since A, makes up 
approximately to of all group A indtsidtials it is clear that with weak group B 
testing sera 20*25 per cent of group A individuals may be erroneously diagnosed as 
group 0 In group AB errors in grouping are even more likely to occur A^B blood 
often being diagno'ed as group B (cl page 35) 

TECHNIC OF DIFFERENTIATING SUBGROUPS A, AND A 
The simplest method of subgrouping group A and group AB blood is 
with the aid of so called “absorbed B serum *’ 

Preparation oj Absorbed B Serum This is a relatively simple procedure, 
being based on the fact that practically all group B sera contain two 
sorts of anti A agglutinins, namely, the common anti A agglutinin 
which acts on both Aj and A, and anti A, which reacts only with Ai 
When the common anti A agglutinin is removed from such sera, only 
that isoagglutinin remains which reacts with A, cells so that in tests 
with such a reagent if agglutination occurs the blood belongs to sub 
group A| (or AiB), and if no clumping occurs the subgroup is A» (or 
A.B) The reagent IS prepared as follows (If jt is intended to preserve 
the reagent all the procedures are to be earned out under sterile pre 
cautions ) Blood is drawn from an individual of subgroup Aj, washed 
twice with saline solution packed by centrifuging and the supernatant 
fluid is remoted Serum from a selected B individual (if fresh) is put 
in a water bath at S6°C for 10 minutes in order to inactivate it and then 
miTed with tts volume of the packed washed A, cells The mixture is 
allowed to stand for yi to one hour at room temperature and then cen 
tnfuged to separate the serum As a rule, it will now be found that the 
serum no longer reacts with A- or A-B bloods, but still agglutinates A, and 
A,B bloods distinctly , otherwise the ab'^orption should be repeated 
adding smaller quantities of A. cells It is convenient to distribute the 
absorbed B cerum mice ampoules, which are sealed and then placed 
m a water bath at S6°C for 20 minutes These are stored in the re 
fngerator, and properly prepared reagents retain their potency under 
ihest conditions ior at )east a year 

If an absorbed B serum is not at hand individuals of subgroup A 
can be selected by testing a senes of group A bloods with a group B 
sera of different titers Thc^e group A blooda which give the weakest 
reactions, especially with sera of low titer, will usually prove to belong 
to subgroup A 2 It should be pointed out also that not all group B 
sera, even those of high liter, yield satisfactory reagents, because the 
sera differ m their content of anti A, agglutinins Usually those sera 
will be most suitable which on the direct tests intensely agglutinate A, 
blood but give distinctly weaker reactions with A. blood If in doubt, 
one should first carry out a preliminary absorption esperiment 
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• nic figures given here were mostl> estimated from the known distribution of the subgroups (cf table 73) Aho see Taslor, Rice, 
Prior and 1km Jour Path and Baitertcl 54 514 (1942) 
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Anti Ai agglutinins can also be obtained bj treating group 0 serum 
with Aj cells, absorbed O semm, however, cannot be used for sub 
grouping group AB blood 

The Tests. These are carried out just like the ordinary grouping tests, 
either m tubes or on open slides, merely by mixing one drop each of 
blood suspension and of the absorbed B serum A convenient method 
IS to perform the tests on a Boemer well slide as described for ordinary 
blood grouping (cf page 16) With good absorbed B sera, all A, and 
AiB bloods give marked macroscopic clumping while A-. and AjB 
bloods show no trace of agglutination even upon microscopic examina 
tion It i\ill be noticed, however, that while almost all Ai bloods give 
complete or almost complete clumping with potent sera (with few or 
no free cells), AiB bloods almost always are only partially clumped, 
about one tenth to one third of the cells remaining unagglutinated The 
significance of this observation still remains to be determined 

A number of other methods of subgrouping group A and group AB bloods have 
been suggested The diagnosis can be made ■ntlh the aid of the so called irregular 
isoagglutinms and which arc not readily available however As has already 
been pointed out Landstemer and Witt* and Laodstemer and Levine’^ showed that 
occasional sera from A, and AjD Moods contain aggtulinms which react specifically 
with btoods A^ and A,B while rare sera from A, and A,B individuals contain agglu 
tinms (Cj) reaclmg with A, btood Sera of the former type give identical reactions 
with the absorbed B sera and are therefore aUo designated as a, The so called 
^2 agglutinins are not specific for A, since they also react with all group 0 bloods 
even more intensely than mtb A, cells and arc therefore better known as anti 0 
agglutinins The anti 0 (a,) agglutinins moreover do not react regubriy with 
A^B bloods and also give weak reactions with certain B and A^ bloods 

One disadvantage of sera containing irregular isoagglutinins u that the reac 
tions are usually not intense Moreover the irregular isoagglutinins as a rule are 
affected more by temperature changes than Ibe ab<oihed B sera 

Sera containing o, isoagglutinins are far more common than sera containing 
isoagglutinins, and irregular isoagglutinins are more frequent m group AB than in 
group A (cf table 28) As many as ia to H of the bloods of subgroups A,B have the 
constitution A^Boj while only about 1 out of 2S0 Aj bloods has the irregular 
isoagglutinin 

Sera containing the agglutinin o, (or anti O) arc more readily obtained from 
animals being most common among cattle and fowl Such sera cannot be used directly 
because they usually contain species agglutinins reacting with human bloi^d of all 
groups However as Schiff* showed bovnne sera after absorption with faiood cells 
A, or AjB react specihcaliy with bloods of group O and as was later pointed 
out also with bloods of subgroup A, The so called anti E agglutinin in eel serum 
IS most likely related to the anti O agglutinm {cf page 264) 

Even using all the reagents available the results are not olnajs clean cot In 
an extensive study b) Friedenreich and Zacbo* it was found that in more than 

*Jour Immunol 11 203 (1926) 

'/our Immunol 12 441 (1926) 

"Kim ffocA 6 303 (1927) 

*Z(schT f Rassenphysiol 4 164 (1930) 
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9} per cent of the bloods tested b% the combined use of absorbed group B sera and 
«era containing the agglutinin a, the subgroup could readily be determined About 
5 per cent of the bloods failed to react with either serum or reacted ^^(lh both sera 
Bloods of Ibis nature had been previously described b> Landbteiner and Levine 
and were termed intermediates-’ Sub«equ#ntl> Friedenriich and Zacho nudied 
these bloods more thoroughly from tbe serological and genetic standpoint and 
found that bloods of group A reacted as follows 


9j per cent j 


A, 

A, 


S per cent 




+ 0* most probably A, 

— Oj ino«l probably \ 

Since the agglutirun often does not react with A,B blooda only absorbed B 
sera can be used for subgrouping AB blood. In that case the diagnosis is ma le as 
indicated below 

+ «! A,B 

— n, most probably A^B 

The agglutinin “ (anti 0) can also be present m immune «era Thus as has 
been mentioned previously (cf page 31) ilooL**- and Anderson obtained one 
immune <erum reacting apparently specifically with group 0 blood One such 
serum was obtained by the present wntet from a rabbit injected with human 0 
blood. This serum when diluted 15 times with saline solution and absorbed with 
a half volume of A, cells yielded a fluid whose reactions corresponded with 
agglutinin a. Several such sera have also been obtamed by Matta'* by immuniza 
mg rabbits and goats with group O blood In a later chapter (cf page 338) antiD 
sen will be discussed that were produced by immunittng goatv with ^htga dysentery 
bacilb 

Differenlialsort oj Ike Sulgroupt o/ Group A in the ^eliborn Inasmuch as tbe 
agglutinogens have not reached their full development at birth it is not an easy 
task to dilTerenliatc the subgroups of group A (and group ABj in tbe newborn 
According to ^^orsaac the relative scftsrtiviiy of A, and A m adults and newborn 
can be repre ented as follows 

Adult A, > newborn A, > adult A, > newborn Aj 

The determination of the subgroups is not entirely reliable for infant s blood since 
for example the Aj receptor may be *o weak that it is mistaken for Aj the true sub- 
group not becoming evident imol the child is older If the blood cells react with 
B *erum which has been absorbed with A, Wood then it most belong lo subgroup 
A, )\ith AB blood the determination of the subgroup in newborn is even le's 
reliable 

V4.XJWE. ne. XJBt SIIBfKOUP DIFFERENCES 

As has already been pointed out, it is generally accepted that the 
alpha agglutinins in group O and group B serum consist of two major 
qualitatively different agglutinins, a and Oi Hh respect to the nature 
of the difference between cells of subgroups Ai and Aj Landsteiner s * 

"Jour Immunol 18 87 (1930) 

Publication No 11 Faculty of Mcdiane Egyptian University J937 
Landsteiner and itt /u«r /wMUUof 11 203 (1926) Landslemer and Levw 
Jour Immunol 12 441 (1926) 
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view IS that this depends on the existence of two qualitatively different 
agglutinogens Ai and A 

However, some authors, particularly l>attes,’‘ consider the difference 
between the subgroups merely quantitative, that is, caused by different 
amounts of the same agglutinogen in the erythrocytes Lattes and 
CavazuttP® pointed out that if group B sera containing both agglutinins 
a and uj are mixed with a large excess of Ai cells, all the agglutinins 
present in the serum will be removed And, as Friedenreich’* has demon 
strated, the same effect is produced when the serum is absorbed with a 
very small volume of A, cells, as when it is absorbed with larger 
quantities of A, cells (cf table 29) 


Tabi-e 29 

The vov Dungern and HreszFEus Phesouenos 
(After Friedenreich) 


Group B Serum 

Blood 

CeUs 

Dilution of Senirn 

i/2 

1/4 

1/8 

1/16 

1/32 

1/64 

l/12S|l/256 

a) Before Absorption 

Ai 

+ + + 

+ + + 

+ + 

+ + 

+ + 

+ 

+ 

0 


A> 

+ + + 


+ + 


+ 





mm 

+ + 

ss 

+ 

+ 

(+) 





■I 

0 

la 







c) After Absorption with 

Ai 

+ + 

+(+) 


+ 

Tr 

0 



l/2o6vol A, 

A, 

0 

0 








On the other hand, as evidence foi the qualitative nature of the dif 
ference between the two subgroups Landsteiner and Witt cite the 
following expenment By the method of splitting off agglutinins (cf 
page 27), two fractions of agglutinins were separated from group B 
■'erum One of the agglutinin solutions (split off from blood of sub 
group A ) agglutinated both Ai and A blood to nearly the same titer, 
whereas the other (containing only the agglutinin oi) did not act on 
Aj blood although agglutinating Ai blood not much less than the first 
agglutinin solution This corroborates the existence of two quahta 


” The other interpretation that A, blood has a single agglutinogen A while A, 
blood has an add tional agglutinogen (composition AA,) 'eems less htelj though 
simpler for explaining the reactions with group B and absorbed B serum (e/ Land 
Steiner and Will icc al) 

** Indiudualily of Ike Blood p 72 (1932) 

“/our Immunol 9 407 (1924) cf Mioo ilunck med T1 ach 71 1129 (1924) 
*’Zischr f Immiimtats 71 1 (1931) 
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tnely different agglutinins a and a, Furthermore, this experiment ma> 
best be explained by assuming the existence of t^o quaUtativelj 
different agglutinogens. A, and A,, as Landstemer does According tt 
this hypothesis, A, reacts more strongly with a than with a,, anc 
Aj reacts less intensely with a than A,, and only feebly with a This 
can be represented as shown in figure 52 



Fic 52 (Modified after Friedenreich) 

Reactions OP A, A ANDOBtooowiTHVAiiioLsAtPifA Acclutimns 


The theory does also satisfactorily explain why absorption with small 
quantities o! A, blood produces the same result as absorption with 
larger quantities of At blood 

As further evidence of the qualitative nature of the differences be 
tween A, and A, blood, Landstemer and Levine” point out that a, 
agglutinins react more strongly on A, than A, m contrast to the 
reactions of a, agglutinins That sera with a agglutinins reacted even 
more intensely with group 0 blood than with A blood (cf fig 52) 
was taken by these authors to indicate a relationship between the 
properties A, and 0 According to Landstemer’s view the composition 
of the subgroups would be represented as follows 


Group 

A 

AB 



Agtiulmogens 

Agglutinins Exeepiionally 

Subgroups 

$n Red Cells 

Present m the Serum^* 

(A, 

A, 

(o) 

Ia, 

A* 

(Oj 

(A.B 

A, and B 

(«) 

/AjB 

A, and B 

(«,) 


Thomsen,’" however put forth the view that the so called agglu 
tmin is really an agglutinin directetl specifically to blood 0 and 
that It acts on A, cells only for the reason that they are mostU heterozy 
gous (of genotype AtO) and contain the factor 0 This theory is sup- 
ported by the fact that the a, sera agglutinate most intensely group 0 
blood, and agglutinate A.B weakly, if at all Furthermore the failure 


"Fncdeniticb Zlsckr j Immmatait 71 285 (1931) 

"lour Immjnol 17 I (1929) 

’ Parent hc'cs are used to emphasiae that such (irregular) isoagglutinms arc present 
onlj occasionally 

’’Thomsen Acla Soc ifedtC Fenn A 15 No 9 (1932) 
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of the serum to react with heterozygous A, bloods may be explained by 
assuming a dominance of Ai o\er O The occurrence of only a small 
percentage of weak reactions with group B blood can also be explained 
b} assuming a partial dominance of 5 oxer O 

According to this explanation, moreoxer, none of the homozygous 
A bloods should react mth the a agglutinin It can be shown (cf page 
0 61 

215) that the genotj’pe makes up • or less than one six 

teenth of all bloods of subgroup A and approximately 1 5 per cent ol 
all group A bloods By the same token a corresponding percentage of 
group A bloods should react wath neither the absorbed B ceri nor the 
sera containing the a^Iutmin and as has already been pointed 
out such bloods have actually been found However, individuals of 
genotj-pe AjAt can be identified with certainty only if both parents are 
found to belong to subgroup A,B At any rate, Thomsen s explanation 
does not affect the arguments for a qualitative difference between the 
agglutinogens A, and Aj, based upon (he reactions with a and a, 
agglutinins 

The somewhat involsed question of the reactions of anti 0 sera with hoinoz>gous 
and heteroz>gous Woods of groups A and B has recenib been studied in detail by 
Dahr*^ and by Hirszfeld ** 

Further evidence that the difference between arglutinoeens A, and A is a quali 
(ative one rather than quantitative one has been densed from direct titration ex 
penments with human group B <era. As an example may be cited the recent study 
by Olbncb and ttaltber” Tbe<e jovestjgators titrated 217 human B «era against 
A, AiB and A, and A,B cells The resulls with S 'elected sera are gnen below 
(the figures reprcsencing ihe titer for the respective test cells) 

Ttst Cells 12 3 4 5 

A, 64 2j6 32 64 64 

A,B 32 64 — — - 

A, 8 16 16 32 8 

AjB 2 2 16 16 2 

The fact that the ratios of the (iters for A, and A, cells differ widely is proof of 
the qualitative nature of the diSfcrence between A, and (The re'ults also sug 
ge«t the existence of some qualitative difference ^Iween the A agglutinogens in 
bloods A, and A,B ) 

Since Ai and A, are qualitatively different it might be anticipated that group 
B (and group O) sera exist which contain anti A agglutinins reacting more inlen'ely 
with A, than with A, ceils Such a serum has recently been found by the author 
(cf table 30) The serum in question (B it4) m contrast to other group B sera 
gave the stronger and quicker clumpuig with A. cells than with A, though 
the end titers were about equal 

^ Ztschr J Immunilats 92 280(1938) 

“Scftirei ZlicAr / ollgem Path u Sakt I 23 (1938) 

"Ztsckr / Immumtats 99 194 (1941) 
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Table 30 

CovTPAUisov OP Reactions op Dipperest Hvxias Gboot B Slra 'ftnii 

At AM> At 3?too&s 


Serum 

Tested 

j Dilution of Scrum 

No 

Cells 

Lndil 

1 2 

1 4 

1 8 

1 1 16 

1 32 

1 l 64 

'l 128 


0 

_ 

_ 

_ 

_ 



1 - 


Brl 

A, 

+ + + 

+ + + 

+ + + 

+ + + 

+ + -»- 

+ + 

+ 

_ 

Aj 

+ + + 

++ + 

++ + 

+ + + 

1++* 

+ + 

1 + 

_ 


A B 

+ + + 

+ + + 

+++ 

+ + + 


-1- 


- 


1 ° 


_ 

_ 

_ 

1 - 

_ 

1 _ 


B f2 

1 ■'' 

+ *f’ + 

+ H — h 

+++ 

+ + ± 

++ 

+ + 

I + 


1 Ai 1 

+ + -*■ 

+ + ± 


+ 






' AiB 1 

+ + 

+ 

1 ■1' -f- 1 

- 

1 ' 1 

- ' 

- 

- 


O 

- 

1 - , 

1 - 

_ 

1 ^ ) 


_ 


lifi 

At 

+ + + 

+++ 

+ + + 

++ 1 

+ ± 1 

+ 

_ 

_ 

At 

+ +* 

++ 

+ 1 

- 1 


_ 

_ 



AtB 

- 


- 1 

- 1 


- 1 

- 

- 



n 

n 

n 

n 

n 

wm 

wm 

■| 



Warn 

Ell 

El 

n 


H 

B 



E99 

B9 

B9 


— 1 


HI 


■ 


W 

la 

la 

ii 

H 

Bl 

Bl 

9 


It might aI<o be expected that b) immuDiziog rabbits «itb A, and A, bloods sera 
«peeific fo each of the subgroups could be obtaineii The few experiments made 
along this Lnc ha\e jielded mcoocJusne results however In a recent study of an 
anil A, immune «erum Wiener and Kosof«kj” were able to demonstrate onl> a 
single sorietj of anti A agglutinin in the «erum reacting more inten«el> with \ 
than with A^ blood 

As has ahead) been pointed out (cf page 31) Scbiff and Adelsberger” found 
that by immunizing ^elected rabbits with burnan A blood »heep cell l>sms are ob- 
tained due to the presence in human A blood and ^hcep cells of antigens related 
to the Forssman antigen designated F* to indicate it$ presence in group A blood 
AVune*'’ and Klop*tocL*’ observed Hat A, ctlh ha\e a weaker absorbing effect 
than Aj cells on the <heep cell Ijsins m anti A, immune <era and concluded that the 
Fa component of the A antigen as ne/l *s the proper A eompoaent was less do- 
seloped m A, blood than m A, blood (cf niom«cn*') 'MoreoT’er Elmenhoff Niel 
sen” obsened that in the «era of patients of groups O and B with infcOious mon 


"Joitr Immmtol 42 381 (W4!) 

*^Loc at 

^Zlschr f Jmmumtats 73 75 (1931) 

'‘Ztseftr / fmmunitati 74 211 (1932) 

"Ztschr f Immuntlats 87 333 (1936) 

” B Elmenhoff Nielsen Bidrag tff Beljsnmg af Antigener i Menneskets Eothro- 
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onucleosis there develops a large differeace in the titers for A, and cells and 
he even suggests that such sera are ideal for preparing agglutinins After ab«orp 
lion with Aj cells the sera still agglutinated A, cells strongly (titer 8 16) and the 
a, agglutinins in the «era were completely absorbed by treatment with sheep 
cells An even more striking serum of similar type was encountered by Sachs^® in 
a case of subacute bacterial endocarditis caused by s special strain of streptococcus 
viridans possessing antigens of the Forssman tjpe The reactions of this serum 
clearly demonstrate the qualitative difference between A, and cells 

Andersen®' immunized rabbits with Aj and Aj bloods and could demonstrate 
no difference in the behavior of the two 'orts of immune sen in hemoljsm tests 
with sheep blood 

HEREDITY OF THE SUBGROUPS 

The first studies on the heredity of the subgroups were made by 
Landsteiner and Levine " In a later study,” the'^e authors examined 


Table 31 

Pre'Jotypes and Genotypes or the Subgroups 


Phenotype 

1 Genotype 

Homozygous 1 

Heterozygous 

0 

00 . 


A, 

AtAi 

AiO andAiAt 

A, 1 

AtAt 

Afi 

B ! 

BB 

BO 

AiB 


AiB 

AiB 1 


AiB 


69 families with 212 children and presented definite evidence of the 
hereditary nature of the subgroups Thomsen, Friedenreich, and Wor 
saae** reported the results of a study of the subgroups in eleven 
families^ and proposed a theory of heredity to explain their results 
These authors postulate that instead of three allelic genes, A, B, and 0 
(Bernstein’s theory), there exist four allelic genes, Ax, A*, B, and 0, 
with genes A,, A 3 , and B dominant over gene 0, and A, dominant over 
As The genotypes com'-poadmg fo (he six posstbte phemt^pes sre 
given in table 31 

cjteraf T>-pe 0 A og AB mid specie! Undcrsogclse af del ved Mononucleosis infec 
tiosa (Monocjtangma) fotekommende heterogenitiske Antistof (F An(istof) Kopen 
hagen 1936 (Danish) 

'‘Jour Polk and Bad 54 t05 (1942) 

"Zlsckr f KassenpbysioJ 10 154 (1938) CJ Cbrislensen Acta Path el 
Mtcrobwl Scand 18 231 (1941) 

** Proc Soc Exp Biol and 3fed 24 941 (1927) 

" Landsteiner and Levine he cit 

Acta Path et Microbiol Scand 7 157 (1930), Klin Hock 9 67 (1930) 





203 


BLOOD GROUPS AND TRANSFUSION 


It is obvious that the theory of Thomsen, Ftiedenreich and Worsaae 
m no way contradicts and merely elaborates Bernstein’s theory of 
heredity of the blood groups According to their theory, the following 
additional rules of heredity should hold; 

1 The agglutinogen A, cannot appear in the blood of a child unless 
present in the blood of one or both parents This law depends upon the 
dominance of A, over A.. Thus in the matings, A. X Aj, A* X O, A. X B, 
etc , all group A and AB cKUdteti must belong to subgroups A^ and AsB, 
respectively. On the other hand, in the matings, Ai X Ai, A, X O, etc , 
both Ai and A, children may result, since the genotype of the Aj parent 
could be Ai^s. 

2 The combinations, A,B parent with As child, and vice versa, can 
not occur For an A,B jndiiddual can only produce germ cells bearing 
the gene Ai, or bearing the gene B The children must therefore possess 
at least one Ai or one B gene and therefore cannot belong to subgroup 
Ai (genotype A, A* or AiO) Similarly, A, cannot give rise to AiB 

3 In the matings A,B X B and A,B X A,B, children of subgroup 
A,B cannot result, because an AiB individual cannot give rise to an A^B 
child unless the other parent supplies the gene A. 

Tabie 32 


Hereditv or tue StrscRoers 


Parents | 

Children Possible 

Children Excluded 
b> Thomsen’s Theorj 

1 A*XO 1 

0,A, 


2 AiXA. 

0. At 

Ai 

3 AjXB 

0, A,, B, A,B 

At, A,B 

4 AjBxO 

A.,B 

A, 

5 AiB XA, 1 

A,, B, AtB 

A,. A,B 

6 A,BxB 1 

A., B, A*B 

A,. A,B 

7 A-BxAjB 1 

At, B, AjB 

A, A,B 

8 A.BXO 

A,,B 

A. 

9 AiBxA, 

A,, B, AjB, AiB 

At 

10 AjBxA, 

, A,.B,AtB 


11 AiBxAjB 

A,, B, A*B, A,B 


12 A,BXB 

A»,B,AiB 

A,. A,R 

13 AiBxAiB 

At, B, AiB 

! A., \,B 

14 AiXO 

15 AiXAt 

16 A|XA, 

17 AiXB 

18 A,X4-B 

0, At, A* 

0, A„ A» 

0, A,, A* 

0, At, A*, B, AiB, AtB 

Ai, At. P, A,B, A,B 
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According to the theory of Thomsen, Fnedenreich and Worsaae, 
therefore, the subgroups should be inherited as shovrn in table 32 
4 Where several children are ai^ilable in each mating, further spe- 
cial exclusions are possible in the follotving five crosses Ai X 0, 
At X A„ Ai X B, a, X A,B, and Ai X AjB In these matings, if there is 
one child belonging to either group O or group B, none of the remain 
ing children can belong to subgroup A or subgroup AjB, respectively, 
and conversely For example, in the mating A, X 0, there are three 
possibilities, as follows 

Parents Children 

A,A,XOO A,0 

A,A.XOO A,0,A,0 

ArO X 00 A,0, 00 

It is clear, therefore, that if one child belongs to group O, the geno- 
type of the Ai parent must be AiO, so that A* children cannot occur 
Similarly, if there is one child belonging to subgroup A* the genotype 
of the A| parent must be AsAj and group O children cannot occur 
The genotype of the parent cm at times be defined if the groups 
of the grandparents are known Thus, if one of the two grandparents 
belongs to subgroup AjB, the Aj parent must belong to genotype AiAt 
On the other hand if one of the grandparents belongs to group 0 or 
group B, the genotype of the Ai parent is i4,0 And if both grandparents 
belong to subgroup AiB, the genotype of the Ai parent is AtAi In all 
other cases, the genotype of the At parent remains uncertain ” 

At the time when the former edition of this book was prepared not 
enough data had been accumulated to permit a definite conclusion 
as to the accuracy of the theory of Thomsen, Fnedenreich and Worsaae 
In recent vears additional investigations on the heredity of the sub 
groups have been made, so that to date a total of 1068 families with 
3134 children have been examined The results obtained are summar 
ized in table 33, and it will be seen that the> strongly support the 
iheevy £>/ 4 aJ/ehc genes For ernniple, sn iJ?e /nxcohes A.-B X 0^ there 
were 55 children of subgroup A, and 53 of group B, corresponding 
almost exactly with predicted values, and none of subgroup A* in con 
formity with the second rule of heredity, on the other hand, m the 
mating AjB X O, there were 37 At and 27 B children, and none of 
subgroup Ai, m agreement with the first rule Moreover, not a single 
exception to the first rule was found among 155 additional children from 
matings A X B, AjB X Atand At3 X B Among the 33 1 children from 
(he malmgs X O and A X A , however, there were 5 contradictions 

“ CJ Wolff and Jon^'on Deiitsch Zetlsehr } d ges gerickll Med 22 6? (1933) 
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Tabix 

SUJIJIAR\ O? PuBLISirZD StCTIES 0 \ THE HeRECITY OFTHE StBCROCPS OF GROUP A 
AND GkOVP AB 


Parental 

Number 

1 Numberof Children in Each Group 

tion 

Families 

1 “ 

A, 

A, 

1 » 

A,B 

A,B 

Totals 

A,X0 

105 

1 124 

(4) 

163 

1 0 

0 

0 

291 

A,XA* 

13 ' 

13 ■ 

0) 

26 1 

0 

0 

0 

40 

IfXB 

1 43 

1 21 

0 1 

34 j 

1 29 , 

0 

32 

116 

A,BxO 

\ 16 

1 0 

0 

37 

1 27 

0 

0 

64 

AtB XA» 

3 

! 0 

0 , 

3 

3 

0 

1 

7 

AjBxB 

10 

(I) 

0 

10 

IS j 

0 

6 

32 

AiXO 

387 

, 404 

695 1 

69 

0 1 

(1) ! 

0 

1169 

A,XA| 

' 168 

79 

394 

16 

0 

0 

(1) 

490 

A,XA, 

79 

52 

127 

54 

0 

0 

0 

233 

A,XB 

120 

57 

90 

8 

54 

84 

6 

299 

AiXA.B 

16 

0 

14 

1 ’ 

10 

8 

2 

43 

AiBxO 

38 

0 

S5 

1 0 

S3 

0 

0 

108 

AiBXA, 

35 

0 

65 

0 

19 

40 

5 

129 

AiBXA, 

8 

0 

18 

0 

5 

(1) 

10 

34 

AiBXB 

25 

0 

15 

0 

32 

16 

0 

63 

A|BXA|B 

2 

0 

6 

» 

2 

8 

0 

16 

Totals 1 

1 068 

751 

I 484 

429 1 

249 

158 1 

63 

3 134 


Xote The rare parental combinations, A|D xAjB and AjB XA»B have not been 
encountered in studies made to date 


This table includes 

lOJ families with 283 children bj Fnedenreich and Zacho [ZfreAr / Rasscnpbvsiol 
4 164 (1930)1 

32 families with 107 children bj Schifi and Sasaki IZ/rcAr J ImntHtiMts 77 129 
(1932)1 

89 families with 440 children b> Wiener and Rothberg Ii>ol 5 577 

(1933)1 

211 families with 309 children b\ Clausen [Under^dgeUer oscr dc Serologiske 
BIodt>pcegenskabe M og X, Copenhagen (1934)1 

71 families with 225 children by Malta [Publication No II of the FacutO of 
Mediane, Egyptian Unis (1937)) 

20 families with 46 children by Musiakallio (Arfa ^ec Mtd Fentt ' DiioJecim 
20 No 2 (1937)1 

30 families with 84 children bj Moureau [ Inn de Mtd Lit 17 873 (1937)] 

106 families with 448 children by Dahrand Bussmaw [Ziukr f Rassenphystcl 10 
49 (1938)1 

58 familieswith 138 children HirsafeldandKostuchl^r/ueiz Zlschr / allg Peth 
u Baklertol 1 23 (1938)1 

73 families with 163 children b\ Taslor and Pnor { l«» Eng 8 343 (1938)1 

58 families with 91 children bv Worsaae{4rfa Fj/A ei Murobiel Scatid Supp 37 
594 (1938)1 


(Ccnlnued on opposite foge) 
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lo the heredity theory Considenng the large number of children 
examined, these are probably due to illegitimacy, and such is indeed 
the opinion of the investigators who reported these cases In sup 
port of this conclusion one may also point to the occurrence of a 
group O child m the mating A,B X B m contradiction to Bernstein’s 
theory, and undoubtedly due to illegitimacy Furthermore, two ob 
viously illegitimate children occurred in matings Ai X 0 and A, X A, 

Additional evidence in support of the theory of four genes is 
furnished by the families with one or both parents belonging to sub 
group AiB In mating A,B X Ai, 6S of the 129 children belong to 
subgroup A, (number calculated from theory 64 5) and none to sub 
group Ai in conformity with the second rule of heredity In mating 
AiB X B, there were 32 group B children (calculated number 31 5), 
1 5 A, and 1 6 AiB and none of subgroup A* or AjB, in conformity with 
the second and third rules Similarly, the distribution of the sub 
groups in the mating AiB X A,B conforms with the expectations In 
the matings AiB X Aj, however, one child of subgroup AjB was 
encountered, an exception to (he second rule of heredity This cannot 
be attributed to illegitimacy as it was (he mother (not the father) who 
belonged to subgroup A, Dahr and Bussman,” who found the case, 
ruled out technical errors by repeating the tests The possibility that 
the child m question had been adopted could be considered Another 
unexplained contradiction to the theorv was reported by Thomsen 
Fnedenreich and Worsaae, namely, a family A* X 0 with two Ai 
children In this case, the authors suggested that the true phenotype 
of the parent might be A,, but that the sensitivity of the cells was 
weakened because of advanced age (80 years) Possibly this family 
actually contained individuals of the so called * intermediate ’ sub 
type, the bloods being classified as Ai for the children but as A, for 
the parents (cf page 218) 

As has just been pointed out, according to Ihe 4 gene tbeorj parents of suberoup 
A,B cannot haie Aj children nor can A, parents have A,B children The theory 
can therefore be tested b> exanuning a large «cncs o! mothers and children to de 

"Ztschr f Rassenpk^siol 10 49 (1938) 


78 famil es with 301 children b> Dahr {Ztsckr / ImmunilSts 97 170 (1939)] 

73 families with 238 children bv Dahr Offe and W eber / Rasscnpfiystol 

II 78 (1930)1 

38 families with 153 chitdreii b> Landstemer and ttiener Exp 74 
309 (1941)} 

To these totals arc to be added the original studj mentioned m the text of 
Landsteiner and Levnne (69 families with 212 children) aLo a brge pedigree con 
sisting of 138 individuals and without a single contradiction to the theorj has been 
reported by Thomsen {Zlschr f Rasstnphynd S 97 (1932)} 



212 BLOOD GROUPS ANT) TRANSFUSION’ 


Table 34 

Subgroups of Group A and Group AB iv IIotiiers avd Childrev 
(A£t«t Wolff aad Jonsson) 


Mothers 

1 Clvildrcn 

0 1 


Aj 

B 

AiB 

AjB 

182 0 

111 

35 

17 

19 



190 Ai 

47 

110 

17 

6 

8 

2 

50 Ai 

16 

10 

22 

0 



2 

58 B 


3 

4 

32 

2 , 

2 

ISAiB j 

15 1 

1 ’ 1 


4 

I ^ 

0 

5A*B 


1 * 1 

3 1 

0 

0 

1 

Totals 

1 189 ' 

1 168 1 

63 1 

61 

1 1 

1 7 


tennmc whether or not such combinations occur Wolff and Jonsson’ did not find 
a single exception among the test cases contained in their senes of 600 mother 
child combinations (cf table 34) in the famil> data of tabic 33 as has ju't been 
mentioned one such ea‘e is included Fortber Mudies on molheT-child eomhmalions 
iTOuJd accordingl} be highly desirable 

Thb 4 gene theory can be tested lurthet by analyzing families in 
which one of the parents belongs to subgroup A, (cf rule 4) Inas 
much as individuals of this subgroup can belong to one of the three 
genotypes AtAi, AxAt and AtO, they can transmit gene Ai alone or 
both Ai and At or both Ai and 0, but not all three genes, A , A» and 
0, to their children In families A, X 0 for example m some cases 
all the children will belong to subgroup Ai, m others half to subgroup 
Ai and half to O, and m stil] others half to subgroup Ai and half to 
subgroup A„ families of the last type being the least common In 
table 35 we have compiled from the published msestigations on the 
hereditj of the subgroups all families A, X 0 in which there was at 
least one A, child Among the 31 families with 122 children listed, 
there were only 3 families containing anj group 0 children and there 
fore in conflict with the theory The investigators who encountered 
these aberrant families believe that the legitimacy of the children in 
quesiioB may be dMibted, and it is sgaibcant that one of the families 
also contained an AiB child even though the blood of neither patent 
contained the agglutinogen B 

In the Av X O families with A. children, it might be expected that 
half the children should be A, and half A, Actually, there is a slight 
deviation from the 1 1 ntio due to selection, inasmuch as families 
A, As X O m which by chance all the children belong to subgroup Ai 
were excluded In order to determine bow closely the observed distri 
bulion fils with the predictions, it »s necessary to allow for the omitted 

“ Deutsche Ztschr j d ges genchti Ved 22 65 (1933) 
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Table 33 

List or Families AiXO vtith One or More Children of Scbgroup A- 
(Compiled from the published studies on the heredity of the subgroups) 



Family 

- Number of Children of group 

Investigators 






Number 

0 

A, 

At 

Other 

Totals 


22 

0 



0 


SchiffandSasaLi 

47 

0 

5 


0 



SO 

0 

2 

5 

0 



n 

0 

2 


0 


Landsteiner and W lener 

27 

0 

2 


0 

5 


54 

0 

3 

3 

0 

6 

Dahr and Bussman 

6 

' 

3 


1 A,B 

8 

Dahr 

9 

0 

2 

4 

0 

6 

TajlorandPnot 

49 

50 

0 

0 

0 

4 

4 

0 

0 

4 

7 


<> 

0 

1 


0 

3 

\^ieiier andKotbberg 

109 

30 

2 

0 

4 

0 


0 

0 

7 

2 


33 


1 


0 

3 


160 

0 

} 


0 

2 

Clausen 

196 

259 

0 

0 

1 

1 


0 

0 

2 

2 


272 

0 

1 


0 

2 


32 

0 

1 

4 

0 

5 

Dahr, Offe and l\eber 

43 

57 

0 

0 

2 

3 


0 

0 

4 

4 


64 

2 

1 

2 

0 

5 

Uirszfeld and Kostuch 


0 

1 


0 

2 

Malta 

26 

40 

0 

0 

1 

2 

2 

2 

0 

0 

3 

4 

Mustahallio 

13 

0 

0 

2 

0 

2 


8 

0 

2 

1 

0 

3 

Fnedenreich and Zacho 

15 







91 

0 

1 

1 

0 

2 

\\ lencr (unpublished) 


0 

1 

2 

0 

3 

Totah. 

31 

families 

5 

S4 

62 

1 

122 
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Tabu: 36 


Statistical Analysis of Data in Table 35 


1 

1 1 

fi, 

1 

1 1 

sn. 

1 1 -?• ' 

sn, 

j A* expected ' 

As obserxed 

1 -r 1 

1 l-q- 1 


2 ' 

i ' 

20 

0 75 

1 26 67 ' 

13 3 

12 

3 

5 

15 j 

0 87o 

1 12 14 

8 6 

9 

4 

1 * 

16 

0 938 

1 17 27 ' 

8 6 

0 

5 

5 

25 

0 969 

26 83 

13 4 

14 

6 

I 2 

‘2 1 

n 984 

1 12 20 1 

6 1 1 

7 

7 

1 ^ 

14 ' 

0 992 

14 11 ' 

7 1 ! 

1 5 

Totals 

1 28 

1 1 


' 114 22 1 

! 57 1 1 

56 


* Nat including families containing contradictioat to (be thcorv 


families, and tins can be done, for example, with the aid of the 
formulae derived b> Hogben** As is shown m table 36 the observed 
frequencies of the subgroups among the children closely agree with 
iho«e calculated from the 4 gene theory Statistical anal>sis of matings 
At X A,, At X B, At X AiB and Ai X A»B yield equally satisfactory 
agreement between observation and expectation,” ao that these find 
mgs strongly support the theory 

In view of all this evidence there can be no doubt regarding the 
accuracj of the theory of Thomsen, Friedenreich and Worsaae in 
principle, despite the existence of one or two conllicting cases (cf also 
page 390) A complicating factor that has not been taken into account 
m the studies reported thus far is the existence of occasional bloods 
intermediate m their reactions between A, and A-, and possibly repre- 
senting a special sort of A factor determined by a corresponding gene 
(cf page 218) Probably some of Uie reported contradictions to the 
theory of Thomsen, Triedenreich and Worsaae were caused by the 
artificial classification as A, or A- of such bloods of intermediate 
type In families where the presence of individuals of the rare inter- 
mediate type has been excluded, there appears to be no doubt that the 
subgroup differences are transmitted in conformity with the four gene 
theory 

Stclistical Consideralions Let Pi, Pt q, and r represent the frequencies of the 
penes A,, B, and 0 re'pcttrveb H the fietjncmits of the six pbenot>-pes iti a 
homogenous population are known Ihe frequencies of Ihc genes can be derivtd 
as follows (cf page 186) 


’'Jour Genetics 25 07 (1931) 

"The number of such families is «imll however 
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Pkenoiy pe 

Genot^pt 

Frequencies 


Q 

00 

f* 


(1) 


UhA, 

Pi* j 



Ti 

U,A, 

2Psh, 


(2) 


U.0 

^hr J 




(AiAi 

U-o 

\ 

2p,r i 


(3) 

IT 

\bo 

4* 1 

Iqr i 

|=g’+2jr 

(4) 

aIb" 

AiB 



(3) 


AiB 

2M 


(6) 

and pi+p-+9+r« 

1 



7 

; therefore follows that-*’ 





A“VO+Av+A«-VO+Ai 


m 


/'i=v'0+Ai-V'5’ 



(9) 


?=\/6+b-vo' 



(to) 


and 



(11) 


For example, m Tbomsen's data, on the subgroups of 390 individuals (as calcu 
lated by Welitsch) 


Group 

0 

A, 

At 

B 

AiB 

AiB 

Absolute 

162 

139 

42 

32 

JO 

5 

Per cent 

41 54 

35 64 

10 77 

8 21 

2 56 

1 28 


Therefore ^i = "/8755-.\/"a3r«21 46 percent 
^i“>r553T-V“4i3i- 7 87 per cent 
6 08 per cent 


and Pi4-pj+j+r= 100 07 


■•61 45 percent 


which corresponds satisfactonl> with the expectations 


The values obtained above for p, q and r with the aid of equations 8 through 
11 when substituted in relations 1 through 4 in order to recalculate the frequencies 
of 0 Aj, Aj and B will naturally give an exact fit since thc'C four equations were 
used to derive formulae 8 through 11 However, by substituting the calculated 
values of p^, and q in equations 5 and 6 one can determine how closely the 
actual frequencies of subgroups A^B and AjB conform with those expected under 
(he heredity theory This has been done IWow and it will be seen that despite 
Ihe small number of group AB individuals tested (15) the fit is a good one 

= ,4,5 = Ip^q = 2 62 
A,B - ,4j5 = 2p,9 = 095 

Stevens*' has applied Fishers method of maximum likelihood for the estimation 
of the values p,, p^ q and r, because, as he points out, the values given by relations 

**5ee 1\ ellisch and Thomsen, Heredttas 14 SO (1930) 

*‘Afm Eug 8 562 (1958) 
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(8) to (U) are meflicicnl AppIjmR hu method to the data of Ta>!or and Prior 
then recalculating the frequencies of the groups and subgroups from the frequencies 
of the genes and applying the /* test Stereos obtained an escellenl confirmation 
of the four gene theory (/’“"J 18 for two degrees of freedom so that P“35% ap- 
pro:omately) For the method of maLing these complicated calculations the reader 
IS referred to the original paper by Ste\ens 

WoIR and Jonsson** ha\e tested Thomsen s theory statistically with the aid of the 
relation " AjB/A,B =A, children/A, children (from mothers of group 

0) This test has also been used by Muslakallio^^ (cf table ‘5) 

AGGLUTINOGEN At 

Fischer and Hahn” and Fnedenreich** independently reported the 
occurrence of individuals of group A whose blood gave only feeble re 
actions even with the most potent anti A sera Fnedenreich attributes 
the weak activity of such bloods to a third sort of A agglutinogen, 
designated as Aj The existence of agglutinogen A» gives rise to two 
additional subgroups in group \ and group AB namelv subgroups Aj 
and AsB, respectively 

The properties of blood of subgroups A, and A,B have been studied in detail 
by Triedenreich These subgroups can be tecogmaed without using any special 
method by their weak reactions with anti A sera. Like A blood A, blood is 
agglutinated by «era containing a, (anti 0) agglutinins The ability of A, blood to 
absorb aoti A agglutinins is mtermedute between that of A. and A^B blood Aj 
sera contain ^ isoagglutinins just like ordinary group A <era but (as in A, sera) 8, 
cold agglutinins may be present in these and in A^B «era 

Bloods of subgroups A, and A^B are rare but by testing a senes of 4000 to 
sOOO individuals Fnedenreich found 6 such cases 260 members of the families of 
the<e 6 persons were tested and an additional 46 A, and A,B individuals were 
found It IS evident therefore that the occurrence of the property A, is deter 
mined by heredity The pertinent matings in Friedenrich s study are summarized as 


follows 



Matings 

Total Number 

A umber of Children of Croup 

of Children 

0 At A, 

A, X 0 

30 

IS 0 l3 

A, X A, 

22 

4 12 6 


As Fnedenreich believes his findings indicate the ciuslence of a fifth allele A, 
m addition to the genes 0 A, /f, and B already postulated According to Fried 
enreich the g,ene 1.^ is recessive to genes /l,_andA, but dominant over gene 0 
Three blood samples were recently submitted to the author for csamination 
on account of their weak reactions in anti A *cra and these proved to correspond 
in their behavior with Fnedenreich s subgroup A, The reactions of one of these 
1 loods in anti A sera are shown in figure sS "ITic characteristic feature of the agglu 


"Ann £iig 8 344 (1938) 

“loc Cll 

"Af/a Soe ffeJ Fenn ‘ Duodecim 20 No 2 (1937) 

"Ztsehr f Immunitats Si 177 (I93S) 

"A/m ]\och IS 310 (1937) Ztsehr / Immumlals 89 409 (1936) 
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Fig 53 Agglutination Reactions op an Blood with Two 
Potent Anti A Sera 

A and 6 Actual size The first and second well of each shde show 
the reactions of the A, blood the third the reaettoos of an Aj blood and 
the fourth the reactions of an A, blood 

C and D Microscopic appearance Note the large number of unagglu 
tinated cells 

[Reproduced from the Amer Jour of Clm Path 11 4S (1941)] 

tmation reactions is the weak and only partial clumping of the erythrocytes so 
that man> cells remain unagglutmaied eien in high tjtered anti \ «era that cause 
complete agglutination of A^ blood The microsct^ic |Mcture of the tests je«embles 
that of patients of group A who hate receixed transfusions of 0 blood. In one 
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of the author’s ca«es*' the <erum of a noman contained the irregular isoagglulinin 
a, and the blood of her onI> child one year of age beha^ed exactly li\e the pa 
tients also posse«sing the constitution In a «econd ca'e*» the bloods of a 

brother and sister both had the constitution 

At the present time the mam practical significance of the existence 
of the Aj receptor is that its feeble agglutination reactions maj lead to 
errors in diagnosis With regard to the possibility of the existence of 
further variants of the A agglutinogen, Ai, A,, etc , cf Friedenreich,*’ 
Hirszfeld and Amzel ® and Gammelgaard and Marcussen 

As has already been mentioned Landsteiner and Le\ine encountered occasional 
blooda which ga\e reactions intermediate between A, and A, Such bloods ha\e 
also been encountered by other inaesligalors (Fnedenreich and Zacho Hirsafeld and 
Kostuch) including the present author For the sake of simplicit) these few ex 
ceptional bloods were not included in the general hereditj table (cf table 33) As 
lo the nature of these intermediates it is significant that such bloods are usually 
lamibal indicating that they represent a special xanet> of A agglutinogen deter 
mined bj a correspondmg special gene ** Further investigation of this problem would 
be desirable 

The practical importance of the so-called intemediates is that with weak a, 
sera the) would be diagno«ed as A, while with stronger sera they might be clas«i 
fted as A, In this way <eeming contradictions lo the Ihcor) of heredity proposed by 
Thomsen Fnedenreich and Worsaae could an«i. 

StmCROUPS OF GROUP B 

Numerous unsuccessful allempls have been made lo demonstrate the 
existence of subgroups in group B, analogous to tho«e in group A, by 
absorbing group A sera with various group B blood^ and testing the 
absorbed «era against other group B bloods As an example the experi 
ments of Worsaae’® may be ated However, from a number of recent 
reports the existence of differences in agglutinogen B would not 'eem 
improbable 

The investigations on differences in agglutinogens B, and their sup 
posed hereditary nature, and irregular isogglutmins analogous to a, 
and a,, hate not yet reached the stage where practical application is 
possible For further information reference may be made to the studj 
bj Matta ” 


"■■fticnet and Si'iverman Amer Jour Clw* Path 'll 
*'t\icner unpub!i<hed observations 
“A/m tUc/i 16 753 (1937) 

“Aft dlmmunoi 6 31 (1940) 

' Zlschr f Inimiinilats 98 4II (1940) 

"Wiener unpublished obsen'alions Landsteiner personal communication 
‘'Zltchr / Rassenphystcl 7 17 (1935) 

‘'Alasaki Kuwashima I«eki and Fukao Uan’atgoku Zasshi (Japanese) 9 467 
(1935),Iseki ffott'oigaku Zasshi (Japaaese) 10 373 (1936) 

“Matta, Publication ^o 11, Fa^ly cf Medicme of the E^ptian University 
(1937) 



CHAPTER Xin 


THE AGGLUTINOGENS U AND N OF 
LANDSTEINER AND LEVINE* 

Bv 5IEANS of the four blood groups including tw-o subgroups in group A 
and group AB, all human beings can be divided into six classes Later 
investigations have revealed the presence in human red blood cells of 
agglutinable factors unrelated to A and B, so that a further subdivision 
of human bloods is possible In this chapter, two agglutinogens which 
have been thoroughly studied will be discussed, namely, the agglutino- 
gens M andN 

In 1927,Landsteinerand Levine* observed that when certain immune 
sera from rabbits which had been injected with human blood were 
exhausted with certain samples of human blood, they still contained 
agglutinins acting on the majority of bloods of all four groups, while 
other bloods were not agglutinated Two of the factors demonstrable 
by these sera were designated M and N 
These authors found that according to their content of agglutinogens 
M and N, three distinct t>’pes of human blood could be distinguished, 
type M (blood possessing agglutinogen M but lacking agglutinogen 
N), type N (blood possessing agglutinogen N but lacking agglutino 
gen SI) and type SIN (blood possessing both agglutinogens, SI and N) 
Not a single blood lacking both agglutinogens was found The distribu 
tion of the three SI, N and SIN is the same in each of the four 
blood groups so that the agglutinogens M and N are unrelated to the 
agglutinogens A and B 


TECHMC 

Preparation of Immune Sera Among hundreds of thousands tested 
only seven human sera have thus far been encountered which contained 
anti SI agglutinins,* none have been found with anti N agglutinins * 

* The author s studies on this subject were aided b> grants from the Committee 
on Scientific Research of the American Medical Association 

'Proc Soc Exp Bwl and iled 24 600 941 (1927) Jour Exp Med 47 757 
(1928) 

*In four of the se%en cases the anti M boagglutinms were presumably natural 
[Wolff and Jonsson Deutsch Ztschr j d ges genchtl Med 22 84 (1933) 

Fnedenreicb Ztschr / Immunilals 91 485 (1937) , Moureau and Lambert Ann 
de Med Leg 20 163 (1940) Davidsohn and Schirmer TVoc Chicago Path Sac, 
(unpublished) Oct 13 1941) m (wo cases thej resulted from isoirnmunization by 
blo^ transfusion [Wiener and Forer Proc ^ Exp Biol and Sled 47 215 
219 
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The testing sera are usually obtained b> immunizing rabbits To pro 
duce anti M serum, blood or type jM (group 0), and to produce anti N 
serum, blood of type N (group O), should be used, so that no agglutin 
ms are formed against A and B 

The technic used by Landstemer and Levine consisted ir weeUy injections of 
fresh blood drawn into citrate and nasbed with saline befire the injection The 
first injection of 3 cc was given intravenoucly the following injections of 4 cc 
each intraperitoncal!} The immune rabliit sera were le«ted 6 days after the third 
and each subsequent injection The animals were bled {mostly after four or five 
injections) the day following the tests when the «era had a sufficient content of the 
desired antibodies i e when they gave powerful specific reactions after absorption 
The tcchnic found most effective by the author* is to alternate coupics of daily 
intravenous injections of washed blood cells with rest periods If twelve rabbits are 
to be immunized 25 c c of blood will suffice for one course for all the rabbits This 
t lood may be stored in the ice boa m the Rous mixture (cf page 12) and is washed 
with normal saline before injection AH the injections of the first course are given 
intravenously To avoid anaphylaxis the first injection of each of the subsequent 
courses may be given lotrapentoneaJly or subcutaneously the other injections are 
given intravenously The rest periods between courses may be 7 days The «era are 
tested one week after the last injection of a course After three or four courses of 
injections about half of the rabbits produce good anti M and anti \ sera 

The sera arc obtained under slenie precautions and stored preferably tn small 
portions without the addition of any preservative ^ome workers advue that the 
sera be passed through Derkefetd or Seitz fillers to injure 'tenhty Uhen some of 
the writers anti M and anti N immune sera were examined after storage in the 
icebox for more than five years no significant diminution in liter could be dv 
tceted Other sera however may lose their specific agglutinating power after a 
shorter time 

It may prove advantageous not to bleed the rabbit to death but after a rest 
period of a few months duration to give an additional course of injections m order 
to ‘limulate the reappearance ol antibodies Moreover by this method good sera 
can often be obtained in cases where the rabbit initially fails to form satisfactory 
antibodies ® 

The writer has been able to obtain and M and anti N sera by immunizing cats 
but these sera were loo weak to be of practical value Land»leinei* has obtained 
satisfactory and M sera by immunizing goats and Olbrich' was able to induce the 
formation of IS but not M antibodies in rats 

Wlieeler, Sawin and Stuart* have summarized the published results 
of immunizations of rabbits against human M and N erythrocytes 

(1941) IViencr inter Jour CUn Path 12 302 (1942)] Also Jce Paler«on Rice 
and Taylor Brtl Med Jour 2 37 (1942) 

’Iseki and Tukao [IJan aiiahuZassht (Japanc'c) 10 657 {1936j] have dc 
scribed a normal rabbit scrum containing anti N agglutinins This is ihe only in 
stance thus far reported of agglutinins for M or N m normal animal sera 
' Amer Jour Med Sa 257 (1933) 

‘I\iener Zinshcr and Selkowe Jour Immunol 27 431 (1934) Crome Deulsch 
Ztsehr f d ges genchtl Med 20 316 (1933) 

* Personal communication 

^Ztschr j Immunitats 91 242 (1937) 

'‘Jour ImmutKfl 37 laQ (IW) 
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\\T\ile the results differed somewhat depending on the rabbits and 
method of immunization used, in general, rabbits respond more readily 
to injections of type N blood than to tvpe M blood In fact, most 
workers, including the present author, have found that all or almost 
all rabbits are capable of produang some N antibodies, although onlj 
about two thirds of the sera yield reagents of sufficient potency for use 
On the other hand, although Wheeler, Sawin and Stuart observed that 
almost three fourths of a senes of 116 rabbits produced sera with 

Table 37 


Speotic M Agglutinins in 116 Iuuune Rabbit Sera Atter Absorption imtii 
Pooled Human ON AN and BN Cells 
(Wheeler, Sawm and Stuart, Jour Immunol 37 159 (1939)J 


Titer for Type M CeUs of 

Number of 
Rabbits 

Per cent of 
Total 

Stock 

Serum 

1 Testing 

I Fluid 

Less than 40 

0 

32 1 

1 27 6 


80 

2 ' 

2 1 

I 


160 

4 1 

6 

' 5 2 

|l6 4 

320 

8 

li 

' 


640 

16 

20 

' 17 2 


1 280 

32 

14 

12 1 


2 S60 

64 

13 

n 2] 

is6 0 

5 120 

128 

15 

12 9] 


10 240 

256 

3 

2 6j 



some M agglutinins only about two thirds of these sera were satis 
factory for use (cf table 37) An important difference between the 
M and N antisera (cf page 222) is that while the former not infre 
quently yield testing fluids with liters as high as 128 or higher, the 
testing fluids from N antisera rarely have titers beyond the minimum 
acceptable one of 16 

WTieeler, Sawjn jnd Stuart have attempted to e^lain the inability 
of some rabbits to produce M antibodies on a constitutional basis and 
from breeding experiments concluded that this is determined by a pair 
of allelic genes, and m, the resistant rabbits possessing two recessive 
genes, mnt However, inasmuch as the mating mm X tnw was not in 
eluded in the study, this theory has not yet been subjected to a 
critical test Attempts to breed a pure strain of rabbits capable of 
producing high titered M and N antisera have apparently not yet 
yielded decisive results® 

‘With regard to qualitalne differences m AI and N «era which, howcNer, are of 
no consequence for practical application cf page 343 
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PreparoUon oj Testing Finds The sera that are obtained from the 
rabbits cannot be used directly sinre they contain, in addition to the 
specific agglutinin, species agglutinins acting on all human bloods 
The species agglutinins must be removed by absorbing the immune 
<!erum tMth human red blood cells not containing the specific agglutino 
gen in question 

The prime requirement for preparing strong and specific testing 
fluids IS to start with immune sera of sufficient potency If the original 
immune sera are weak, no artifice in the technic of absorption can com 
pletely compensate for the defect 

Unless the absorption is earned out properl>, the testing fluids mil 
be found unsuitable for use, even if one starts with a good immune 
«ierum It is more difficult to prepare satisfactory N testing fluids than 
M fluids, the reason being as Landsteiner and Levine"* have pointed 
out, that when anti N sera are treated repeatedly with M blood the 
specific anti N agglutinins are gradually remo\ed On the other hand 
practically all anti M sera resist non specific absorption 

If the immune ‘serum is fresh, it must first be inactivated *' Then 
the serum is diluted 15 to 25 times (depending upon its strength) with 
normal saline solution and mixed with a half volume of packed washed 
cells of the proper type After 30 minutes, the mixture is centrifuged 
and the supernatant fluid is pipetted off With some immune sera a 
single absorption may suffice to remove the species agglutinins most 
sera must be absorbed twice or more 

When preparing anti M fluids, the absorptions are best earned out 
at room temperature Since there is little or no danger of non specific 
absorption, no damage is done if an excess of type N blood is added 
to the diluted immune serum m the process of preparing the testing 
fluids (cf table 38) In any event, sufficient absorbing blood must be 
used to insure the complete removal of the species antibodies W^hen 
the absorptions are carried out at lower temperatures smaller amounts 
of blood are required, as a rule 

In the preparation of N fluids an excess of absorbing blood must be 
a\oided lest the specific agglutinins be weakened Hence the prepara 
tion of N fluids IS best carried out slowly, in a number of steps, so that 
the point of complete absorption can be determined accuralelj In or 
der to obtain good results, moreo\cr, the optimum dilution of the serum 
should be ascertained by preliminary tests (In the author’s experience, 
most potent N, as well as 51, sera yield good te^^ting fluids at a dilution 


"Jour Exp Med 47 769 (1928) tiid 48 754 (1928) 

" \\ ith stored sera this is unnecessary since complemenl is destroj cd after serum 
has remained in the ice-boi for some tunc 
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Tabuc 38 

Preparation of SPEcinc Asn M Testing Fluid 
One drop of progressively doubled dilutions of testing fluid, one drop of cell 
suspension and one drop of normal salme solution were mixed in a senes of tubes 
After the mixtures bad stood for 2 hours at room temperature the rack holding the 
tubes nas shaken and the reactions read Absorptions and titrations Mere done at 
room temperature 


Immune 
Serum 
Diluted 20 X 

Tested 1 
Against' 
Cells ! 

j Dilution of Testing Fluid* 

1 1 

1 2 

1 4 1 

t 8 1 

1 16 

1 32 

1 64 

1 128 

1 256 

D r ' 

M i 

+ + + 

4- + 4-I 

4- + 4-I 

-F-f- ± 

-F4- + 

4-± 

4- 

4- 

_ 

. 1 

N ■ 

+ + +I 

4-+4-I 

-1- + +I 


-F-F± 

+ 4- 

4- ± 

-F 

— 

‘ “ 


+ + + 

+++I 

-h-h+l 

-F+i 

"F-F +i 

-F-F 

4-± 

•f . 

- 

After first ah 

M 

+ + + 

4- + 4- 

•h4‘4"j 

-F4-± 

1 

•F-F 


i . 

_ 


sorption with 

^ 1 

■h + 

+ ± 


- 

- 





half volume of 

MN 

+ + + 

14- + + 

4- 4- 4-1 

-F4-± 

4-4- 

+ 

— ■ 

— 


pooled N 







1 




blood 



■ 

Hi 

■ 

■f 


1 


1 

After second 

M 1 

+ + + 

+ +4- 

+++ 

I-F-F + 

++ 

-F 

_ 



absorption 

N 1 

- 

- 

- 







with half vol 

MN 1 

+ + + 

4* + + 

4-4-4- 

+ + ± 

' -F± 

- 

- 

- 


ume of type 











N blood 











After third 

M , 

4-4* + 

4-4-4- 

4-4-4- 

+ + ± 

4-± 

± 

_ 

- 

- 

absorption , 

N 

- 

- 

- 

- 

- 





with half vol ' 

MN , 

4- 4- 4- 

4-4-± 

4- + ± 

+ ± 

-F 

— 

— 

— 

— 

ume of type 











N blood 












* To obtain serum dilution, mul(ipl> dilution of testing fluid by 20 


of about I 20 ) The absorptions can be made at room temperature, or 
according to some authors,’* preferably at 37'’C 
To jlJustrafe the method of preparation of antiN testing fluids the following 
experiment mlh an N immune serum js oled The scrum was diluted 20 times with 
normal saline and then absorbed two tunes with half a volume of packed washed 
cells of Ijpe M at 37'’C The diluted «enim was titrated before and after each 
absorption It ma> be seen that after the first absorption most of the species 
agglutinin was exhausted (cf table 39) After the second absorption the remainder 
of the species agglutinin but also a comiderable portion of the specific anti N 
agglutinin was removed After a third absorption the fluid completely lost its 
activity It IS evident that a more potent and specific N fluid can be obtained from 
this particular >. serum if after the first absorption the procedure is continued 


"Landstemer and Levine he ctl 
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more cautiously by using smaller amounts of M Wood for each succeeding absorp- 
tion, for example, ‘A oi Aolume, instead of A volume Facilit> with the technic 
of preparing potent ‘pecific testing fluids especially for agglutinogen N can onl> 
be acquired with experience 

In this connection the ment of the method suggested by Pietnisky*’ for pie 
paring testing fluids potent enough to detect the tteak agglutinogen N, (cf page 
227) has not jet been established** Nor is there any convincing evidence that 
testing fluids prepared as suggested by Lattes bj absorbing the stock immune *era 
with boiled crjthrocyfes are superior to fluids prepared id the usual manner In 

Table 39 


Preparatios op Asti N Testinc Fluid 
(Absorptions at 37“C Titrations at room temperature) 


Immune Serum 
Diluted 20X 

Tested 

Against 

Cells 

j Dilution of Testing Fluid 

1 1 

I-* 

1 

1 f S 

1 1 16 

1 1 32 

1 I 64 


M 

+ + + 

-(■■H- + + ± 

+ + 

+ + ' 

+± 

1 -f 


h 

+ + + 

++-I-I+-1-+I 

+-1-* 

+ + 

+ + 

+ 

absorption 

MN 

+ + V 

'+++ ++ + 

++ + 

+ + 1 

+ 

1 + 

After first absorption' 

M ' 

+ + ±I 

1 ± 


1 _ 

- 1 

_ ■ 

I _ 

with half volume of 

N 

+++I 

I+++ 

+++I 


1 +± 1 

tr 

1 — 

pooled M blood 

hfN 

+++I 

+++, 

I+++I 


+ + 


- 

\fter second absorp , 

M 


_ ' 


_ ' 

1 _ 

- 1 


tion with half vol 

' N 

++*■ 

++± 





— 

ume of type M blood! 

MN 

++ 

+ ± 1 


' - 

- 

- 1 



fact *ince the capacity of boiled erythrocytes to absorb species agglutinins is con 
siderablj less than that of fresh red cells much more blood is required and that 
fluids prepared lauh boiled erylhrocjtes ace colorless instead of pale pink is only 
a minor advantage ** 

As a preservative the author emplojs merthiolate in the proportion of I part 
of a 1 per cent solution for every 50 parts of testing fluid Stored in this manner 
in the refrigerator the anti M and anti N fluids are usually suitable for use for at 
least a year The stabiLtj of these reagents seems to be a property of the particular 
immune serum from which they are prepared rather than to depend on the prc'cr 
vative added those of high initial liter being most stable '* Thus the author has 
some anti M fluids which react salisfactoril) after 4 years of storage while good 
anti N fluids were usable for somewhat shorter periods The use of toluol as a 
preservative m accordance with Levines suggestion** has the disadvantage that 
it causes the formation of a precipitate and the toluol should be removed before 


” Deutsche Zlschr f d ger genehti lltd 28 468 (1037) 
"C/ Clauberg A/m Jl oeh 16 17-49 (1937) 

“Elbel Zfrcftr / d gci gericArf Ifed 24 242 (1035) 
“C/ Olbnch Zlschr / Immumtats 90 271 (1037) 
"Jour Lab and Chn lied 26 866 (1941) 
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ihe reagent js used (cf Boyd’*) Boyd has used dyes such as acnflavme and bnl 
liant green to preserve M and N fluids, and has also pointed out that if desired 
each fluid could be colored differently, as is often done with A and B grouping 
sera (cf page 11) for purposes of identihcation While, as Boyd has shown, M and 
N testing fluids can be kept in a dry form after lyophilization in the Flosdorf-Sfudd 
apparatus,** il h doubtful whether this oSers any adiantage, considering (he stability 
of the reagents m the more convenient liquid form,** 

The Tests. The actual tests are simple to perform, and if the testing 
fluids have been properly prepared, very easy to read Any technic 
used for ordinary blood grouping is suitable for M-N tests Probably 
the most convenient method is to set up the tests in small tubes (in- 

Table 40 


Tests tor M av» N bv Centrifuge Method 
(Family' No 92 of study by Wiener and Vaisberg*) 


Blood of j 

Keaction for M 

Reaction for N 

Father I 

+ +-I- ! 

-t'-bd- 

Mother 

- 1 

-h + + 

First child 

— 

-b + d- 

Second child 

- 

-b-bd- 

Third child 


d--b± 

Controls Type M 

+ + + 

- 

Type MN 

+ + + 

-bd-d- 

TypeN 

- 

■bd-± 


*Jour Immunol 20.371 (1931) 


side diameter 7 mm ) by mixing one drop each of unknown cell sus- 
pension and testing fluid Then after the mixture has stood for I to 2 
hours at room temperature, il is examined both macro- and micro- 
scopically for agglutination 

An alternative technic is the centrifuge method It has the advantage 
that the final reactions can be read within a few minutes The tubes are 
centrifuged for a short time and then shaken until the negative control 
breaks up into an even suspension If the unknown blood does not con- 
tain the agglutinogen in question, the centrifuged cells at the bottom of 
the tube will disperse into a microscopically homogeneous suspension 
If the unknown blood contains the agglutinogen in question, the mass 
of centrifuged cells will remain as a single large clump, or break up 
into macroscopic clumps of agglutinated cells. At least one, preferably 
more, control blood cell suspension of each of the three types, M, N, 
“Jour Immunol 37. 65 (1939) 

”C/ Jonsson Acta Path et Microbiol Scond 10. 438 (1933) 

’‘Wiener, unpublished ob5er\ations 
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and MN, should be included in e\'ery experiment. A sample protocol 
is given in table 40 

By this technic the distinction between Mri- and M — blood is always 
sharp When testing for N, howet'cr, difficulty may occasionally be 
encountered A diagnosis of N+ or hf — can always be made in doubt- 
ful cases, however, if the tests are repeated a sufficient number of 
times, mth several different sera. 

The tests may also be set up by tnixmi; cell 5U<pensioas and testing fluids on 
a glass slide, but this is not the method of choice One drop of M fluid 15 placed on 
one side of the slide and one drop of K fluid is placed on the other Then one drop of 
unknoiiQ cell suspension is mixed «itb each of the reagents The slide is tilted back 
and forth for S to 10 minutes, after which tunc the drops may be co\ered with a 
cover slip to prevent drying When many specimens are to be examined, well slides 
(cf page 14) can be used 

Schifl’* recommends that in all cases where the reactions are not absolutely 
clean-cut, the results be controlled bv teslmg Ibe ability of the unknown blood to 
absorb the specific agglutinins This additional control is certainly never necessary 
when testing for M wnlh suitable sera. In the autbot's opinion, moreover absorption 
tests could hardly be of much help where the reactions for N ate not decisive since 
as has been pointed out, blood not containing N, if used m excess, can absorb N 
agglutinins llic best control is the repetition of the le*ts with fresh blood and with 
several different aciti-M and antiN fluids, including adequate controls 

The Boemer well slides, which have 12 wells distnbuted in 3 rows of 4 wells 
each (cf page 16) are convenient when it is desired to lest bloods for the A D 
groups and M N t>p«s simultaneously Three bloods can be tested on each slide 
First one drop each of group A, group B, anti M and anli N sera are added to the 
111, 2Dd 3fd and 4th columns of wells, respectively To each of the 4 wells in the 
first row IS added one drop of the first blood suspension, to the second row of wells 
the *econd blood suspension is added, etc , and finally one drop of saline is added 
to every well The slides are then shaken by hand or on the shak’ng machine for 
10 minutes, and the reactions read. 

FACTORS AFFECTING THE INTENSITY OF THE REACTION 

Coitcctilralian oj the Cell Suspeniton. As is the case when testing for 
the factors A and B, the concentration of the cell suspension u'sed 
is of considerable importance Highly concentrated suspensions require 
more antibody for agglutination than dilute ones, and may fail to leacl 
even with sera of medium potency Consequently, the concentrations of 
the blood cell suspensioos should be made uniform The best results are 
obtained with 1 to 3 per cent suspensions. 

Temperature. The avidity with which the immune species specific ag 
glulinins combine with red cells is influenced by temperature, similar 
to the behavior of the isoaggluUnins (cf page 18). Thus, if anti-N im- 
mune sera are absorbed with type M blood until they no longer react 
with bloods of that type at a given temperature (eg, room tempeia- 

” Deutsche Zlschr. J d ges geriektl ifed 18: S7 (1931) 
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ture), it 'Will often be found that such testing fluids still react with 
bloods not con taming N, u hen the tests are performed at lou er tempera 
tures (e g , ice box temperature) Also the specific reactions, especially 
for N, are weakened by an increa‘«e m temperature These effects of 
temperature on the tests should be taken intoaccount toa\oid mistakes 
Age oj the Blood Cell Suspenston WTien blood cells are kept m saline, 
there is a certain loss of sensitivity with time, which is least noticeable 
with blood stored at Ion temperatures Old blood cell suspensions should 
also be avoided because of an occasional tendency to spontaneous ag 
glutination 

The present author has found it possible to type blood which had 
been shipped long distances by mail, provided tliat the blood was taken 
under sterile precautions and properly put up WTien it is desired to 
store blood or ship it long distances by mail, the following procedure 
should be followed At least 1 to 2 cc of sterile venous blood are re 
quired Half of the blood is placed in one vial wthout the addition of 
any preservatne, and the other half is mixed with Rous and Turners 
solution as described on page 12 

SensUnity oJ Agglutinogens Landsteiner and Levine” found that 
bloods containing factor N alone are more strongly agglutinated, as a 
rule, by anti N testing fluids than bloods containing M and N together 
This obser%ation has been confirmed repeatedly On the average type 
N blood IS twice as sensitive as type MN blood to agglutination with 
anti N sera ” This phenomenon has a genetic explanation, type N being 
homozygous, and type MN heterozygous (cf Chapter XIV) 

Although a similar difference in sensitivity exists between type M 
and type IMN bloods vith respect to factor M, it is less pronounced 
than with the factor N 

These observations emphasize the importance of including control 
bloods of all three types in each experiment Particularl\ when test 
mg for N, blood of type MN (reacting weakly with anti N fluids) mu^t 
be included as a control 

The Agglutinogen The discovery that more than one variety of the 
property N exists in human blood was the result of the application 
of the MN tests in cases of disputed paternity (cf page 389) In a 
paternity case examined by Crome** the mother’s blood seemed to 
belong to type M, the infant’s to type N, apparently contradicting the 
second law of heredity of the M'N properties (cf page 232) The 
mother s blood was submitted to a number of independent workers for 
examinati on, and three of them (including 0 Thomsen) obtained weak 
’’Lee etl 

"Wiener Zinsher and SelLowe Jour Immunol 27 431 (1934) 

"Deutsche Ztschr f d ges genchtl Med 24 167 (1935) 



228 


BLOOD GROUPS AND TRANSFUSION 


agglutination reactions with the anti N sera they had available Crome 
therefore concluded this case did not actually contradict the hereditj 
theory since the mother’s blood contained a weak N receptor 

In an identical case encountered by Friedenreich again the 
mother’s blood proved to contain a weakly reacting X receptor As 
shown in table 41, the special property is detected by only a small pro 
portion of anti X sera Since a study of relatives of the individual in 
question (cf page 244) established the hereditary nature of this weak 
reactivity of the blood, Friedenreich concluded that the peculiarity 
was due to the presence of a special variety of X agglutinogen, de«ig 


Table 41 

Reactions o? MN Blood wrni Vamocs Akti N Fluids 
( 4fler Friedenreich) 



nated by him as Xi, the common N agglutinogen being designated as 
Ni, m analogy to the varieties of A agglutinogen In contrast to Aj 
however, N. is extremely rare, comparable in Us frequent mth the 
rare property Aj The present author has encountered only a single 
blood of type among many thousands tested this blood also being 
detected in connection with a paternity proceeding At the initial tests 
the putative father 5 blood was diagno'^ed as type X, the mother s as 
type M and the child s as type M, but at the reexamination the child s 
blood proved actually to belong to type MX*, justifying the mother s 
surprise and protestations at the time of the preliminary report Addi 
tional examples of blood MX, have been reported by Langenberg * 
Lauer” and Pietrusky 

The practical importance of the N, agglutinogen is that on account 
of Its weak reactions, it is apt to be missed unless sufficiently potent 
anfr iV sera are erseuf 

t artahons in the II AgS^ultnogen The present aulhor has tested a series of more 
than 1000 different blood ‘pecfmwis using three difTcrenl anti M fluids viithout 
finding a single discrepancy among the reactions On the other hand Friedenreich 

" Deutsche Zlschr f d ges genchlt ifed 25 3j8 (1936) 

^Ztschr f Immumtats 97 48 (1939) 

’'Zischr i Immumials 98 387 (1040) 

^Ztschr j Immumials 99 232 (1941) 
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and Laundsen*’ found a child of type MN whose blood reacted with only 2 of 
the 3 anti M sera that he used Further tests on this blood made with 30 different 
anti M sera revealed (hat approximately half of the sera reacted more weakly with 
(he child s blood (5 were quite negative) than wi b normal MN one fourth reacted 
about equally with both and one fourth of the sera reacted more inten'ely with the 
blood of the child than with t>'pical JIN’ Therefore the M agglutinogen m the 
blood of this child was not merely defective but specialiaed The abnormal 
human M character found by Fnedenreich and Lauridsen has nothing to do with 
the monkey M (cf page 343) since these authors found that an M serum which 
reacted with monkey bloods failed lo agglutinate the child s blood The special 
M agglutmogen is evidently extremely rare since another similar blood was not 
found among 10 000 blood specimens 

SOXntCES OF ERROR IN TECHNIC 

False Negative Reactions As has already been mentioned, weak im 
mune sera do not yield sufficiently potent testing fluids 
Landstemer and Levine’"' state that they found some anti M sera whose specificity 
could he recognized by different degrees of agglutination when the exhausted sera 
were tested against M+ and M — bloods but these sera could not be used for 
taping because (be species agglutinins could not be removed without simultaneous 
loss of specific action 

The difticulty of the proper preparation of good anti N testing fluids 
has already been discussed ITie main danger here is overabsorption, 
resulting in testing fluids giving false negative reactions That these 
errors are possible is illustrated by the work of Schockaert,®' in which 
this author reported 1 1 per cent (28 individuals) blood of type M — N — 
among 245 individuals On the other hand other workers who examined 
more than 100000 specimens of blood have failed to find a single 
M — N — blood In a written communication to the present author, 
Schockaert attributes his results to the use of too weak testing fluids 
False Positive Reactions Interfering reactions caused by specific ag 
glutinms other than those directed against M and N are not infre 
quently encountered Thus, one of the author’s immune sera against N, 
prepared by injecting blood of type ON were found to contain an im 
mune agglutinin against group O cells, the agglutinin oj (cf page 202 ) 
Similar interfering reactions may be caused by natural or immune 
agglutinins against A and B, the coexistence in the same serum of more 
than one of the agglutinins against M and N, or po'^sibly by other 
agglutinins not yet completely analyzed (cf Chapters XV and XVI) 
These additional antibodies can be removed by suitable absorption pro- 
cedures E g when preparing the anti N testing fluid, if the diluted 

“Fnedenreich and Lauiid cn Acta Path el Microbwl Scatd Supp 38 iSa 
(1938) 

"Loc cil 

"Compt rend Soc Biot 103 S44 (1930) 
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immune serum is absorbed with a mixture of bloocL of types OAI, AM, 
and BM, the danger of such extraneous reactions will be practically 
eliminated 

A more frequent cause for false pc»itive reactions is under ab«orp 
tion of the immune sera This danger, like that of o\erabsorption 
applies mainly to the tests forN This error is presented bj the inclu 
Sion of negative control bloods A\Tien the tests for N are performed by 
less reliable technics, e g , on the open slide or by the hanging drop 
errors are more apt to occur 

In this connection attention should be called to some calculations made by 
Roller^* which show that in cases of disputed paternity in which the properties 

and N are applied there is a greater possibility of error as a result of over 
absorption than from incomplete absorption 

DEVELOPMENT OF THE AGGLUTINOGENS U AND N 

The «ensittvity of the M and N agglutinogens in the blood of new 
born la equal to that of adult blood, judging ftom the tnulU of UUa 
tion experiments with anti M and anti N «era ” This indicates that 
the M N properties are fully developed at birth ” Moreover HjTnan” 
observed no changes m the M N types of 36 infants studied follow 
ing birth for periods up to 18 months Moureau** has been able to 
demonstrate the presence of the M N properties in the blood of human 
fetuses as early as the second month of intra uterine life and Hyman 
states that the type is fixed before the seventh month These observa 
tions are of significance m relation to the medicolegal applications of 
the M and N factors 


”ZlSchr / Rassenphystol 5 102 (1932) 

"Wiener unpublished observaliwnv 

"Schiff [Deutsch Ztschr f d g« gertchll Med 18 4‘ (1931)] arrived at the 
same conclusion because he observed that the distribution of the M N i>pes in 
newborn and adults was the same Moreover there were no contradictions to the 
heredity theory as should be the case if the M N types were not complelelv 
developed at birth 

^ Jour Immune! 43 I (1942) 

"Ret beige des Sciences Med \oI Ml (1935) 



CHAPTER XIV 


HEREDITY OF THE AGGLUTINOGENS AND N 

The first report on the heredity of the agglutinogens M and N was 
made by Landstemer and Lewne ’ As a result of a study of 64 families 
with 286 children, these authors succeeded in demonstrating that the 
agglutinogens, M and N, are inherited as Mendelian dominants, and 
that their heredity probably depends upon a single pair of allelic 
genes, M and A’ According to this theory, only three genotypes are 
possible, MM, MN, and N/V, corresponding to the three phenotypes, 
hIN, and N, respectively The theory therefore accounts for the 
nonexistence of type hl-N— 


Table 42 


Heredity of the Acclvtixocens M asd N 


Types 1 

of 1 

Parents 1 

[ Per Cent Children cf T>pes 

MN 

M 1 

N 

JINXMN 

SO 

25 

25 

MNXN 

50 

0 

SO 

MNXM ' 

50 

50 

0 

MXN 1 

100 

0 

0 

MXM 1 

0 

100 

0 

NXN 

0 

0 

100 


Six different matings are possible It is a simple matter to determine 
what the types of the children must be when the types of the parents 
are known For example, in the mating MN X M, the genotype of the 
former parent must be MJV, so that the parent will produce equal num 
bers of germ cells bearing gene M and gene V, whereas the latter par 
ent, of genotype MM, can onl> produce germ cells bearing gene M By 
random fertilization two kinds of zygotes, MM and MN, will be pro 
duced m equal numbers, so that half of the children must belong to type 
MN, and half to type JI The other five matings can be analyzed in a 
similar manner (cf table 42) 

According to the theory of Landstemer and Levine, the following 
two rules should hold 

1 Agglutinogen M cannot af^ear in the blood of a child unless pres 
’/our Exp Med 48 731 (1928) 
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ent m the blood of one or both parents, the same rule holds for agglii 
Imogen N 

2 A type M parent cannot give rise to a type N child, and con 
versely, a type N parent cannot give rise to a type M child This fol 
lows from the fact that a type M individual is of genotype MM, and 
consequently can only produce germ cells bearing the gene M Each 
child must therefore possess at least one M gene, and cannot belong to 


Table 43 

Heredity ot the M N Types x\ 286 Faiulies 


Parental : 
Combina 
lion 

Number 

of 

FamiLes 


I Children belonging to type 


M 

N 

1 AIN 

I Totals 

MXM 

{ 

Number 
Per Cent 

98 

99 0±0 7 

0 

0 

1 

1 1 0 + 0 7 

1 

MXN 

30 1 

Number 
Per Cent 

0 

0 

0 

0 

113 , 

100 1 

113 

NXN 

0 ( 

: Number 
Per Cent 

0 

0 

27 

100 

' 0 

0 

27 

1 

MNXM 

! 86 1 

1 Number 
[ Percent 

183 

48 3 + 1 7 

1 ^ 

' 0 

1 196 

!si 7±1 7 

j 379 

XN 

M 

Number 

1 Pet Cent 

(1) 

0 3+0 3 

167 

51 5±1 8 

156 

48 2 + 1 8 

324 

MNXMN 

69 1 

Number 
' Per Cent 

71 

25 8+1 7 

63 

22 9±1 7 

141 

51 3+2 0 

275 

Totals 

1 286 

! 

1 353 

1 257 

607 

1217 


This table inclutlfis 

131 families with 642 children reported b> Wiener and \aisberg [Jour Immunol 
20 371 (1931)1 

56 families with 205 children by Zie\e, Wiener and Fries ( Inn Eng 7 163 
(1936)1 

59 families with 232 children by Landslemcr and Wiener [Jout E^p 74 
309 (1941)] 

40 families with 138 children by Wiener and Sonn [Genciies March (1943)] 


genotype iViV (type N) Similar reasoning holds for the reverse com 
bination 

In table 43 are presented the author s mNesligattons on the heredity 
of the N ty'pes, comprising 286 families with 1,217 children The 
distribution of the types among the children of each of the six sorts 
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of matings conforms closely with that expected according to the theor>' 
of Landsteiner and Levine, the deviations in no case reaching twice 
the probable error. There were two contradictions to the rules of 
heredity : ( 1 ) a type MN child in a family where both parents belonged 
to type M and (2) a type M child in a mating MN X N. In both these 
cases, however, there is reason to doubt the legitimacy of the child. 

In table 44 are summarized all the studies on the heredity of the 
agglutinogens M and N that have been published to date, including the 
data from table 43. Among 2165 families with 6718 children there 
were 3 contradictions to the first law' of heredity and 10 to the 
second law. These apparent exceptions can all be attributed to ille- 
gitimacy, how’Gver. This is true for the 10 “exceptions” to the second 
law, since in every case the parent involved was the father. If the 
theory were at fault, exceptions should have been found concerning 
the mother. To date more than 14,601 mother-child combinations have 
been examined (cf. table 45), and not once have the combinations, 
type M mother with type N child or type N mother type M child, been 
encountered Since it can be showm by calculation® that for every two 
apparent exceptions to the second rule which can be explained by 
illeptimacy there is one exception to the first Jaw, the three exceptions 
to the first law In table 44 can abo reasonably be attributed to ille- 
gitimacy. 

It has been calculated that where a man has been faUely accused of paternity, 
the chances of disproving the charge by means of the tests for M and N are ap- 
prosimately equal to the chances using the classic blood groups (cf page 387) If 
the assumption that the “exceptions” listed in table 44 are all due to illegitimacy is 
correct, then the incidence of such exceptions to the heredity theory of Landsteiner 
and Levine should be about the same as the frequency of exceptions to the theory 
of heredity of the blood groups As a matter of fact, as shown in table 44, among 
6718 children, 13 contradictions to the theory of Landsteiner and Levine were found, 
and in table 15, among 24,343 children, 58 discrepancies with Bernslem’s theory are 
listed This supports the >iew that the exceptions ofasersed are due to illegitimacy 

In this connection, Crome’s* experience may be ated In one of the families that 
he studied, the examination of the bloods of patent’: and children yielded the fol- 
lowing results Father, AN, Mother, AN, Children 1 AN, 2 AMN, 3 ABMN, 
•t AffilfiV, i' fiftfiV Cftii'a^en 2* a theveHoK possess aggfcffnrirgen wihvA' ts sbseaC 
from the bloods of both parents, and children 3-5 possess agglutinogen B which is 
also absent from tbe parents’ bloods From other cMdencc, it could be demonstrated 
that these children were all illegitimate 

Another pertinent observation is that of the 13 contradictions to the heredity 
theory (cf. table 44) 5 are demed from the onginal study of Landsteiner and 
Levine on only 286 children As was pointed out by these investigators, the families 
studied by them were taken from strata of society where the environment favors 


’Wiener. Jour. Immunol 19; 259 (1930), tbtd. 24: 443 (1933). 
’Deutsche Zlschr. / d ges gerUhtl SM 20: 316 (1933) 
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Table 44 

Sljuiary op PcBLisnED Data on toe Heredity of tiie M N Types 


Parental 

Number 

1 Number of Children of T; 

ipe 

Combtaatton 

Families 

1 M 

N 

MN 1 

Totals 

MXM 

205 

594 

0 

(3) 

597 

MXN 

226 

' (i) 

(2) 

698 

701 

NXN 

1 104 

1 ^ 

323 

0 

1 323 

MNXM 

' 588 

1 860 

(S) 

988 

' 18S3 

MNxN 

426 

(2) 

682 

688 

1372 

MN XMN 

616 

417 

361 

1094 

1872 

Totals 

2165 

1874 

1373 

3471 

6718 

This table indudes 


64 families with 286 children bj Landsteincr and Levine [Jour Cxp Med 48 
731 (1928)1 

108 families v,it,h 293 children b> SchilT \DeulscU Ztsehr f d gcs gerickll Med 
21.404(1933)1 

390 families nith 377 children b) Clausen [llojpuolslid 75 196 (1932)], of nhich 
102 families nith 105 families had pre%tou$I> been reported b> Thomsen 
and Clausen [Utrcdtlas IS 213 (1931)] 

117 families with 202 children b) Lattes and Garrasi | Hit del II Congresso >az di 
Sltcrobiol , p 146 (1932)1 

80 families svitb 280 children b> Blaurock. (3ft«nc/i med n oc/i 79 1552 (1932)1 
200 famibes with 730 chddren b> MotimaiRttue Mge des Seiencet Mid 7 155,540, 
589 (1935)1 

100 families vrilh 220 children by H>’Tnan [Jeur Immunol 29 223 (1935)1 
103 families nilh 210 children b> Furubata, Imamura and Sugishita [Ilansatgaku 
ZasshtP 54(1935)1 

29 families nith 72 children b> Mustakallio (/Jcfii 5 k Mtd lenn Duodeem 
20 No 2 (1937)} 

113 families with 315 children b} Matta (Publication No 11, Facull> of Medicine 
of the £g)'ptian University (1937)1 

121 families with 528 children b> Okaya {Uanzats'^ku Zassht (Japanese) 12 589 
(1938)1 

35 families with 67 children by Hirszfcld and Kostuch [Scbjtts Ztsehr f lllgem 
Path u Sakler I 23 (1938)] 

109 families with 480 children by Dabr and Bussman (Oeiitstli med ll 64 
SIS (1938)1 

107 families with 249 children by Ta>lor and Pnor (/Iwn Hiig 8 343 (1938)1 
lOQ families with 234 children by HoIfordJ/oKr In/ Mis 63 287 (1938)] 

112 families with 424 children ^ Dabr (Z/rcAr / Immiiiiithls 97 170 (1939)1 
98 families with 314 children by Dahr, Offe and U eber [Z/sehr / Rassenphysol 
II 78 (1940)1 

and 286 families w ilh 1217 children from table 43. 

This table does not include Nicoletti’s data d pal sper 10 8 (1933)1 
which were not available for analysis, and the study by Kerkhoff [Zlschr / Rassen 
physiol 12 28 (1941)1 
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Table « 


Analysis op Matlncs JIN xMN frqu Reported Studies on the Heredity 
OF THE NI N Types 


In\ cstigators 

Number 

of 

Families 

1 Types of Children 

Per Cent 
Type MN 
i Children 

M 

\ 

j MN 

1 Totals 

Landstcioer &. Levine 

11 

17 

7 

31 

1 55 

56 4 ±4 5 

Miener &. \ aisberg 

25 

2.» 

29 

aS 

‘ 116 

50 0+3 1 

Schi0 

33 

IS 

22 

48 

88 


Clausen 

70 

38 

28 

74 

140 

52 8+2 8 

Lattes &. Garrasi 

54 

16 

17 

6S 

1 98 

66 3+3 2 

Dlaurock 

23 

25 

2a 

40 

1 90 

44 4+3 8 

Moureau 

S3 

45 

41 

103 

188 

a4 2+2 4 

Himsn 

32 

10 

16 

■#1 

1 

61 2+3 0 

Furufaata Imamura Sugushita 

32 

7 

20 

30 

1 

54 4 + 4 4 

Zieve \\ lener Fries 

IS 

12 

17 

28 

57 

49 1 +4 4 

Mustakallio 

4 

2 

4 

10 

16 

62 5+8 I 

Matta 

20 

9 

10 

45 

64 

70 3 ±4 4 

Ohaya 

21 

1 26 

22 

74 ' 

122 

60 7+3 0 

Hirszfeld &. Rostuch 

1 17 

' 7 


1 21 

33 

63 6 + 5 6 

Dahr&.Bussman 

30 

38 

IS . 

1 70 

126 

55 5±2 3 

Taylor &. Prior 

23 

10 

8 1 


, 56 

67 5±4 2 

Dahr 

57 

29 

24 

, 

165 

218 

75 7±1 9 

Dahr Offe 4, )) cber 

33 

25 

17 

1 6’ 

104 

59 6 + 3 2 

Holiord 

34 

24 

14 

37 

75 

49 3±3 9 

Landstemer 4 M lener 

19 

22 

13 

43 

78 

55 1±3 7 

W lener (unpublished) 

7 

8 

4 

12 

24 

aO 0+6 7 

Totali 

616 

417 

361 

J094 

1872 1 

58 4+0 7 


the application of the theory of Landstemer and Levine was responsible 
for the discovery of the existence of serological variations in the N 
agglutinogen 

When the distribution of the M N t>T>cs among the children of the 2165 families 
summanzed in table 44 is compaicd TiUh that expected under the theorj of Land 
sterner and Levine it is seen that a few of (he frequencies deviate significantl> 
from the expected values. This is parlicubrt} noticeable in the mating MNXMN 
which has a large excess of type MN children Ta>lor and Prior* have been greatly 
impressed bj this result However (hc> propose no explanation for the obsena 
tion although they do not believe it can be asenbed to imperfections in technic 
As a matter of fact the peculiar observations in the mating MNXMN are com 
parable to those reported m the mating AXB fcf page 191 > In these two matings 
children of all t>pcs and groups axe possible so that the inve'tigators had a 
tendency to focus less attention on such fanulies In the other matings errors m 
technic are apt to lead to contradic ions to the heredity law* and this serves to 
call the attention of the mvest^tor to the mistxl-e. That this explanation is 
correct becomes evident if the MNXMN matings are analyzed accord ng to the 
investigators (cf table 46) 


•Ann Eug 9 18 (1939) 
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While, as shown in table 46 in the combined studies of all workers there were 
58 4 0 7 per cent children of type MX the frequencies obtained by the mdi 

\idual imestigators differed markedl>, ranging from 44 4 to 75 7 per cent The 
only plausible explanation for this lack of homogeneity of the results is the differ- 
ences in the accuracy of the tests when conducted by different workers As has 
already been pointed out, the frequency obsersed by the present author was 
SI 3 — 2 0, which does not differ sigiuhcantiy from 50 per cent On the other 
hand, the results obtained by Dahr (75 7 ^1 9) and Lattes and Garrasi (66 3 ri: 3 2) 
may be attributed to the use of incompletely absorbed testing fluids M ith regard 
to the results of the latter in\estigators see page 239 Daht’s results differ markedly 
not only from the expected values but also from those previously reported bv 
Dahr himself in a study earned out in collaboration with Bussman It «eem5 
reasonable to assume that the bias due to the u«e of insufficiently absorbed testing 
fluids would tend to be the same m direction in the majority of the reports though 
varynng m degree 

Theoretical and Statistical Considerations If a given population is homogeneous 
with respect to M and N and if the frequencies of the three types M, N and MX, 
m the population are known it is possible lo calculate the frequencies of the genes, 
M and iV, la the population In heterogeneous populations after a single generation 
of random intermarriage equiJibnum iiilj be reached ® «ince only a single pair of 
allelic genes is involved (cf page 176) If m represents the frequency of germ 
cells beanng gene II, and n the frequency of germ cells bearing gene N, then 
m + rt “ 1 by definition If M N, and \I\ denote (be frequencies of the three 
types, then 


_ MN 


f» =* M -h 

CD 

2 

_ mR 


„ « N + 

2 

(2) 


For the frequency of each gene is nccessanly equal to the frequency of the corre- 
sponding homozygous type plus half the frequency of the heterozygous type 
Furthermore the frequencies of the phenolyipes can be expressed in terms of the 
frequencies of the genes as follows 


Phenotype 

M 

MX 

N 


Genotype 

J/J/ 

2fiV 

XX 


Frequency 

CT* (3) 

2fnn (4) 

( 5 ) 


M-f MX + A = 


+ 2mn -f »* = (»» + «)* ® I 
From (3), m—\/M 

and from (S), «=\/X 

But m+«=l 


( 6 ) 

( 7 ) 


Therefore, if the theory of Landsleiner and Levine is correct, the following rela- 
tionship between the frequencies of tbe types must hold 

VM+VN=1 (8) 


Wiener Jour Immunol 21; 157 (1931) 
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Claurock Cologne 

Thomven and Clausen Copenhagen 
lattes and Garnisi Italians 

Ko'sovuch French 
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In practice of course the relation «ill not hold euctly (cf pagel7l) As Wiener* 
has sho^^n if the deviation 


d-i-iVv+a/O 


Then P Ed (probable error of D)=— 


2\/V 


(9) 


where V represents the number of individuals in the sample of the population 
examined 

It IS possible therefore to lest the theory of Landsteuier and Levine by de- 
termining the frequencies of the three types m various homogeneous populations 
and then calculating whether or not equation (8) holds satisfactorily (by comparing 
D with Its probable error) In table 47 are summarized the results of such calcula 
tions for (he populations studied up to (he year 1932 It may be seen that in 11 
of the 18 independent studies D is less than the probable error which is very 
satisfactory since the probability theory requires that the deviation be less than the 
probable error in only half of the cases The excellence of this fit is all the more 
remarkable since several of the populations are not homogeneous (e g the popula 
tions from Brooklyn and New York City) and some of the samples are not random 
but consist of groups of families In one case however the deviation is more than 
5 times the probable error (Lattes and Garrasi) A deviation greater than 5 P £ 
occurs only once m 1300 tnals (cf page 170) so that the bkelihood of this being 
a purely accidental deviation is small Perhaps the fluids used were insufficiently 
absorbed so that a number of false positive reactions was obtained (cf page 237) 

Dr R A Fisher of the Rothamsted Experimental Station has suggested the 
application of the test to the theory of I^dsleiner and Levine If a b and c 
represent the number of individuals of types M MN and \ respectively m a 
sample of population containing \ individuals (so that a + b + c = V) the maxi 
mum likelihood estimates of the frequencies of the genes are ^ 

2a+b 


2V 

2c+b 


( 10 ) 


(These formulae are the same as formulae (I) and (2) except that absolute values 
are used here instead of percentage frequencies ) 

In the following equations the letter with the subscnpt o represent theoretically 
expected frequencies the letters without subscnpts those actuall> observed 


(a— a«)* 



(b-b»)* , (c-Cq)* 
b< Ct 


And 2«i» 


Therefore * 


C9=\«* 

* (h»-4ac)n 

* “ (2a+b)*(b+2c)* 


( 12 ) 


*Jotir Immunol 21 157 (1931) 

'For the proof of this statement and also for the detailed dernation of the 
various formulae given m his section see Wiener Human Biology 7 222 (1935) 
*Tbis fonnuh was first derived by Fisher (personal communication) 
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Tabu 48 

X*-Test or THE Theohy or Landsteiner and Le«ne 



[ Frequency of Type 

Number 



Investigator 

MN 

M 

N 

clivid 
uaU Ex 
amined 

X* 

P 

f^andsteiner Letme 

WTiites (New \ork) | 

55 6 

26 1 

20 3 

532 

3 04 


Colored 

47 5 

27 6 

24 9 

181 



^\nierjcan Indians 

35 n , 

60 00 

4 88 

205 

0 021 

0 89 

II lencr rQisfcrrg 






Families (Brooklyn, N 'k ) 

48 23 

30 53 

21 24 

904 

0 66 

0 42 

M'tenrr ReUiberg Fox 






Mothers 

50 32 

28 63 

21 05 

461 

0 069 ' 

0 79 

Children 

50 71 

29 98 

19 31 

497 

1 06 






i 


Berlin 

49 44 

30 94 

19 62 

3333 

0 0089 

0 92 

^\olgadeutsche 

48 89 

23 38 

27 78 

180 

0 078 


51n|f«o 







Japanese 

< 45 80 

30 30 

23 90 

202 

1 30 

0 25 

Blaiiroek 







Cologne 

1 49 1 

29 1 

1 21 5 

2000 

0 17 

0 68 

T/iomstn Clausen 







Copenhagen 

44 57 

29 86 

25 57 

442 

1 36 

0 24 

Laties-Canasi 







Italians 

57 4 

27 2 

15 4 

430 

12 17 

<0 001 

hossotileh 







French 

4$ 80 

33 00 

21 20 

400 

2 17 

0 14 

T<iu6cH/!<iwr 







Frankfurt a Jf 

52 9 

77 0 

20 I 

1000 

4 10 

0 05 


(The formula for x* is ihe same whether absolute \alues or percentage frequencies 
are used ) The \'alue of x*, m general, depends on the closeness of fit between the 
obscr\ed and theoretical \alues and the number of independent classes (or degrees 
of freedom) In Fisher's book there are tables with salues for P which reprcstnis 
the profjabifity, bj chance aione, of eaccedeng a gnen \alue of x* for a giicn number 
of degrees of freedom In formula (12) abosc, the number of degrees of freedom is 
taken equal to one 

In table 43, the statistics gnen m table 47 ate anal>Ted by thi. method The 
agreement between observation and e apect ation is good except in one case 

It has already been pointed out that JiN = 2 m« Since m + n = I type MN will 
hare its maaimum /requerej when m = u — The majimum possible frequency 
of t>pe MN therefore is 2(yi) (}4) = yi or SO per cent In 5 populations listed in 
table 47, the frequency of type MN » greater than SO per cent In 4 of these 5 
populations, howescr, the difference from 50 per cent is not significant when com 
pared with the probable error (The fotmiib for the probable error of a frequency 
IS given on page 170 ) In the fifth case, the expectation is not fulfilled, as with the 
other calculations 
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A further statistical test of the theory of Landsteiner and Levine can be made 
by a study of the agglutinogens M and N m mothers and children (Wiener 
e£ al *) Formulae for the frequencies of the \anous mother child combinations in 
terms of the frequencies of the genes are given m table 49 To illustrate the method 
of derivation of these formulae let us consider the combination, t>pe M mother with 
tj^pe child This combination can anse only from tbe following two matings 

31 mother X M father 
M mother X MN father 

The former mating has the frequency and the latter mating has the 

frequency m’X2ffiH— 2m’n Since all the children in the former mating and half 


Table 49 


Frequencies of Motjier Chil» Coitbivamons 


1 

ifothers of T>pe j 

j Children of Type 

M 1 

MN 

N 


«* 1 


0 

MN 


mn 

«JM* 

N 

0 1 

MM* 

«* 


the children in the latter mating are of (>’pe M the desired frequency :s 

Application of the formulae to actual observations has resulted m complete agree- 
ment with the eapectaocies ** Tbe values of m and n to be used in the formulae are 
derived by means of equations (1) and (2) ^iven above 

As a result therefore of all studies made up to the present time the theory of 
Landsteiner and Levine that the heredity of the agglutinogens M and N depends 
upon a single pair of allelic genes neither of which is recessive is well established 
The e\idence m favor of tbe theory may be cfassihed as follows 

1 Observations on Families 

a Qualitative (Ivon-existcnce of true exceptions to the two laws of hered 
ity) 

b Quantitative (Cf table 43 ) 

2 Observations on 3Iothers and Children 

a (^ahtative (Aon-exisfence of a single combination of fjpe M mother 
wrfi^ypeA’chrAf urvn.'e virrsr aototig'itnjre^fiYm 
b Quantitatue (Cf table 49) 

J Analysis of Statistics in Populations 

a Qualitative (Aon existence of the type M A among more than 100 000 
specimens of blood studied up to the present time ) 
b Quantitative (Cf table 47) 

For certain calculations it is desirable to have formulae for the frequencies of 


Immunol 19 2a9 (1930) 

"Schiff Khrt Woch 8 448 (1929), ihid 9 1956 (1930), Wiener Rolhberg 
and Fot Jour Immunol 23 63 (19321 
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(he genes that add up to unity, and at the same time ha\e minimum probable errors 
It has been shown that equations <l> and (2) satisfy both these lequiiements'i 

Constancy of the Types It is to be expected that the type of an indi- 
vidual with respect to the agglutinogens M and N will remain con- 
stant throughout life As a matter of fact, although the bloods of mem- 
bers of our laboratorji’ staff have been repeatedly examined for the 
agglutinogens M and N for a period of more than twelve years, in no 
case has a change in type been noted This same observation has been 
made by others This constancy of the three blood types of Landsteiner 
and Levine makes feasible their medicolegal application 

A temporary, ap^iarent change in blood ly-pe has been repeatedly obsened follow 
mg blood transfusion Since the agglutinogens XI and X need not be taken mio 
account when selecting donors for transfusions the patient will often receive blood 
that differs m agglutinogen content (with respect to II and X) from his own blood 
The transfused blood may remain in circulation for periods up to three or four 
months after the transfusion (cf page 7X), and this may cause mistakes when 
the patient's blood is typed during such an mtenm Though such circumstances 
will rarely obtain in medicolegal cases, the possibility should be borne in mind** 
However, if transfused cells persist in the circulation, the m croscopic picture will 
be different from the ordinary positive tests 

The Asilutinogens M and N and Sex It has been found that the dis- 
tribution of the agglutinogens M and N is independent of sex, since 
the frequencies of the three types Is the same in the two sexes Further- 
more, family studies reveal that these agglutinogens are not sex-linked, 
so that the genes, M and N, are not located in the sex chromosomes 
Relationship of the Agglutinogens M and N to the Agglutinogens A and 
B Landsteiner and Levine pointed out that the distribution of the ag- 
glutinogens M and N is not different in the four blood groups, O, 
A, B, AB, so that no coiieiation exists bctv.cen the factors M and N 
and the factors A and B In addition, from an inspection of their data 
on the simultaneous heredity of the four agglutinogens, A, B, M, and 
N, Landsteiner and Levine concluded that the agglutinogens M and 
N are probably inherited independently of the agglutinogens A and B 
This conclusion has been confirmed by mathematical calculations made 
independently by Bernstein” and by the writer ” 

W hereas the determination of the presence or absence of sex linkage is a simple 
matter, it is difficult to detect somatic linkage in man Trom an inspection of family 
studies, only close linkage would be detKled Until ten years ago no method of 
detecting loose linkage in data based on only two generations was available As an 
example of the principles involved, the methods used for demonstrating the absence 


” Wiener, Human Biology 7 : 222 (193S) 

'"Such instances have actually been encountered by the author in forensic cases 
"Ztschr J tndukl Abslamm u Vererb SI'. 113 (1931) 

" Wiener. Genetics 17 : 335 f J932) 
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of linkage between the agglutinogens M and X and the agglutinogens A and B ^ill 
be discus'ed in some detail 

The onlj type of families m which the pre«ence or ab'ence of linkage can make 
any difference in the types of the offsimng is that in nhicb one of the parents is 
doubly heterozygous That is one of the parents must belong to one of the fol 
lowing types ABMIs, A^MN and (The subscript ‘h” stands for the 

heteroz5gous genot>pe In the families where there are group 0 children from group 
A or B parents these parents are necessarily beterozjgous ) The offspring of each fam 
ily may be subdivided into three classes “linked ” “cross overs” and ‘ mdetermin 
ate ’ *** Thus, in the cross ABMNxOMN, if the linked genotype of the ABM\ par 
ent is assumed to be (/Ilf) (BA ) the linked gametes from that parent are (Ai!) and 
(BN) and the cross oier gametes are (Aff) and (Bif) The OM?v parent produces 
(Off) and (OA’) gametes in equal numbers The linked zygotes therefore are (d If) 
(OV), (i4jf)(OjV), (BN)(OM) and (,BN)(ON), and the crossover zjgoles 
are (diV)(01f), (A^')(ON) (B!f)(OJf) and (BJf)(OV) Hence the linked 
types are AM and BX and the cross over types are AN and BM, whereas the 
types AMN and BMN might be cither linked or cross overs and may therefore 
be called ‘indeterminate” A table of different matings worked out by the 
method just described is given in the paper by lener '® 

If it could be determined whether an individual of type ABMN belongs to 
genotype (dl/)(BiY) or (/fN)(BJf), and similarly for the types Ai,MN and 
BtpMN the cross-over frequency could be determined directly This might be done by 
determining the types of the grandparents Eg, an individual of type ABMN with 
parents AM and BMN would belong to genotype (AM) (BA'), such an individual 
with parents AN and BMN would belong to genotype (AA’)(Bl/) but if the 
parents are AMN and BMN the genotype is indeterminate Unfortunately however 
it IS very difficult for obvious reasons to obtain three generations in studies on 
human heredity It is therefore necessary to devise a method of measuring linkage 
based on data from only two generations and involving only comparatively <mall 
families 

Bernstein solved this problem by taking the product of the two classes linked 
and cross-overs He found that this product depends upon the number of children 
m the famhy and the cross-over frequency In this way the necessity of determm 
ing the genotype of the doubly heterozygous parent was eliminated The writer 
showed that a similar result can be obtained by making summations EU and EV 
where U and V repre«ent the larger and smaller respectively of the two classes 
linked and cross-overs in each family These sums depend upon the size of the 
families and (he cross over frequency so that the latter could be determined by 
consulting special tables constructed for the purpose 

If the computed cross over frequency is found to be significantly less than 50 per 
cent, the presence of linkage is established On the other hand if the difference from SO 
per cent is not significant the presence of Imkage becomes vco improbable This 
IS especially true since man possesses 24 pain of chromosomes so that a pnon, the 
likelihood of linkage between two somatic (not sex linked) traits is small (only 
I 23) Since Bernstein and If lencr both fail^ to find any evidence for linkage of 
M and N to A and B it may be considered established that the genes if and A arc 
not located m the same chromosomes as the genes, A, B, and 0 


’“’nie<e terms are used for converuence without commitment as to the pre<ence 
or absence of linkage 

“Cf )\iener Zieve and Fries Ann £ag 7 163 (1936) 
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HcTcdUy aj Agglutinogen N,. The observation by Ftiedenreich of an 
individual of type MN whose blood is characterized by an extremely 
weak reactivity with anli-N testing fluids has been cited above (cf 
page 228). When tests were made on other members of this person’s 
family (cf figure 54), 12 other individuals were found whose blood 






® M 


•* «* f 

dead, or not tested for some olher reason 


• N, 

® MN, 
® M.N’, 


© dead, reconstructed, containing \j 
O dead, reconstructed, containing 


Fig S4 Pedigree Demonstrativc the Hereoitary Nature 
or THE ACCLVItVOCEN Nj 
(After Fnedenreich) 


behavetl in the same manner To account for his findings, Fnedenreich 
has postulated the existence of 3 allelic genes, M, A^ and A%, where 
gene A^i determines the usual N agglutinogen, and the rare gene A^» 
determines the atypical, weakly reacting N agglutinogen A number 
of small pedigrees illustrating the hereditary transmission of the MN, 
type have also been reported by Pietrusky ’* 

'*Ztsckr I Itnrniimlals 98 387 (19-10) 



CHAPTER XV 


FACTORS RH AND ANTI RH OF HUMAN BLOOD* 

With the agglutinogens A, A*, B, M and N described in the previous 
chapters, eighteen types of human blood are readily distinguished 
Attempts to discover additional agglutinogens by the familiar technic 
u«ed for demonstrating factors M and N, namely, by immunizing rab 
bits with human blood, have yielded few positive results (cf page 264) 
Approaching the problem in another way, Landsteiner and Wiener' 
immunized rabbits with animal instead of human blood, considering 
that some animal bloods contained antigens related to agglutinogens 
in individual blood For example the Forssman substance in sheep 
cells IS related to agglutinogen A of human blood (cf page 31) One 
result which favored this plan had been previously obtained by these 
worhers,* namely, that certain anti rhesus sera contained agglutinins 
specific for the human agglutinogen M (cf page 343) Continuing this 
line of investigation, by immunizing rabbits with rhesus blood, Land 
Steiner and Wiener obtained an immune serum with which an agglutm 
able factor in human blood different from A, B, M, N or F was de 
termined, and this new factor was designated as Rh, to indicate the 
use of rhesus blood in producing the serum The property Rh was found 
to be present in the blood of about 85 per cent of white individuals, 
and independent of the blood group and M N type Shortly after the 
property Rh was discovered, Wiener and Peters* demonstrated its im 
portance as a cause of hemolytic transfusion reactions, as has already 
been pointed out (cf page 65) Moreover, Levine Katzm and Burn 
ham* found that this factor plays an important role m the pathogenesis 
of erythroblastosis fetalis (cf page 369) 

In view of the clinical importance of the Rh factor detailed directions 
as to the technic of testing for the property are given here 
TsstJ.vg Ssfa W-bJf AV and Wiener 

obtained the immune serum by immunizing rabbits they subsequently 
found that such sera are far more easily produced m guinea pigs * Hu 

•The authors loNestigations on the Rh factor were aided b> grants from the 
Committee on Human Heredity of the National Research Council and the Com 
mitfee on Scientific Research of the American Medical As'ociation 
'Proc Soc Exp Btol and Med « 223 (WO) 

’Landsteiner and Wiener Jour Immunol 33 19 (1937) 

'Ann Irtl Med 13 2306 (WO) 

'Jour Arne- Med Assoc 116 825 (1941) 

‘Jour Exp Med 74 309 (1941) 
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man sera containing anti-Rh agglutinins may be obtained from certain 
patients who have had hemoljtic transfusion reactions following trans 
fusions of blood of the homologous group* and often from mothers 
of infants ^ith the disease er>throblastosis fetalis^ 

For the preparation of the immune guinea pig sera the following 
technic has been used with good results by I^ndsteiner and Wiener 
Large guinea pigs are injected intraperitoneally with a suspension of 
washed rhesus blood cells, each animal being given a dose equivalent 
to 2 c c of whole blood The injections are repeated after five days, 
and one week later the animals are bled WTule the sera of the majority 
of the guinea pigs will be found to show differences between the two 
sorts of blood, Rh positive and Rh negative, only one or two sera out 
of every ten will prove suitable for practical diagnosis The simplest 
way to select satisfactory sera is to prepare a series of progressively 
doubled dilutions of each serum and test these against suspensions of 
Rh negative and Rh positive blood Those '‘era which give m three 
successive dilutions negative reactions with the former but positive 
with the latter type of blood are suitable Then all that is required is 
to select a dilution of the serum, for example, I 10, which gives no 
reaction with negative blood but definite reactions with positive blood 
Uith occasional sera containing appreciable amounts of anti A and 
anti B agglutinins it may be necessary to absorb with small amounts 
of group A and group B bloods The guinea pig sera need not as a rule 
be inactivated since they are diluted for the actual tests 

More recently Landsteiner and Wiener * have modified their technic 
by continuing the immunization longer so that each guinea pig receives 
S instead of only 2 injections The proportion of usable sera is higher 
by this method Satisfactory sera are pooled and preserved with 
merthiolate 1 5000 Probably becau«e of the higher antibody content 
of such sera, simple dilution is not adequate and absorption is essential 
in order to obtain a reagent distinguishing sharply between positive and 
negative bloods 

To determine whether human sera from patients with hemolytic 
transfusion reactions or from mothers with erythroblastotic infants 
contain anti Rh agglutinins, tests are made against a series of bloods 
of kooww Rb type, ow\y those Woods bevwg "elected wKicb ate com 
patible as to blood group The sera should first be inactivated at 56 C 
for 10 to 20 mmutes, since with undiluted fresh sera the reactions may 
be inhibited When sera giving distinct reactions are found, they can 
be used for typing bloods of any group provided that the isoagglutinins 

‘Wiener Arch Path 32 229 (1941), Wiener and Peters loe at 

' Le\ine, Burnham Kalnn andtogcl Amer Jour Obsl andCyn 42 925 (1941) 
‘Landsleiner and Wiener Proc Soe EiP Biot and iUd 51 313 (1942) 
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a and p, if present, are removed or neutralized The author* uses for this 
purpose saliva from secretors, prepared simply as follows: Saliva is 
procured from group A and group B individuals kno^vn to be secretors 
(cf. Chapter XVII) and pooled in the proportion of two parts A saliva 
to 1 part B saliva. This mixture is placed in a boiling water bath for 
ten minutes, centrifuged, and the supernatant, slightly opalescent fluid 
is pipetted off. The “purified” saliva obtained in this manner keeps for 
an indefinite period when stored in the refrigerator under sterile condi- 
tions The pooled saliva is added to human sera in the proportion of 
2 parts of serum to 1 part of saliva in order to neutralize the isoagglu- 
tinins present in the serum Highly active sera may be diluted with 
saline solution for purposes of economy. The isoagglutinins anti-A and 
anti-B in human anti-Rh serum can also be removed, though le«s con- 

• O # 

ABC 


Magnification 1 1 

D E F 

Fic 3S Tests for the Rh Factor by the 
SEWHE vrnx Techvic 
A and 6 Negatoe reactions, the inner light 
disc in B IS due (o a slight conNCsty m the 
bottom of the tube 

C Faintly positise reaction 
D tVeak reaction 
E and F. Typical positne reactions 
[Reproduced from Jonr. Exp Med 74: 309 
(1941)) 

veniently, by absorption with group A and group B blood Still another 
procedure is to add solutions of the purified A and B substances 
such as the A substance from commercial peptone or pepsin (cf. page 
338). However, the use of saliva is more convenient until both the 
group substances of animal origin become commercially available. 
T/:e Tests. When guinea-pig anti-Rh sera are used the clumping is not 
intense so that a special technic must be used The tests are carried 

'Wiener and Forer, Proc Soc Exp Biol and Med 47: 215 (1941), t\iener, 
Amer Jour oj Clin Path 12: 302 (1942) 
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out m small narrow tubes (inside diameter 7 mm ) and the reactions 
are read by the so called sedimentive method of Landsteiner and 
W lener This technic is based on the observation that when a blood 
suspension is mixed with an indifferent serum, the erythrocytes settle 
out normally just like suspensions in saline solution so that a compact 
sediment with a sharply defined circular border is formed On the other 
hand when the blood suspension is mixed mth a serum containing an 
agglutinin acting on the erj throcytes, the sediment formed has a char 
actenslic appearance (cf figure 55) In this nay positive reactions can 
be recognized even in instances where on re suspending the sediment 
hardly any agglutination is seen on microscopic examination 



Fic 96 Rack Used for Peitfoiansc Rb Tests by 
''EOlMtMIVt TeCHMC 

(Reproduced bj couric«y of the Certified Blood Donor 
Scrvnce Jaimica N\ ) 

The blood suspensions foe the tests should be prepared fresh washed 
with saline and re suspended to form a 1 to 2 per cent suspension (in 
terms of blood sediment) Clotted whole blood or concentrated citrated 
blood from which the suspensions are prepared need not be as fresh 
provided they are obtained under sterile conditions and are stored in 
the refrigerator 

In carr>ing out the tests 2 drops of the diluted guinea pig serum 
are mixed with I drop of cell suspension and allowed to 'tand at room 
temperature After 30 to 60 minutes when sedimentation is complete 
readings are taken by direct inspection of the bottoms of the tubes 
preferably with the aid of a hand lens The readings are facilitated bj 
the use of racks with holes beneath the tubes (cf figure j6) As already 
mentioned, negative bloods will show a arcular deposit with a «mooth 
edge, while positively reacting bloods base a wrinkled or granu 
lar deposit (cf figure 55) After the readings have been made the 
tubes mav be allowed to stand and readings are taken again after re 
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sedimentation Upon gentle shaking differences are usually noticeable 
on microscopic examination between positne and negative bloods, but, 
as already pointed out, at times the clumping is quite ^\e•lk or even ab 
sent m spite of a distinctly positive sediment reading Naturally, posi 
live and negative control bloods should be included in every '^et up 
Usually, a reliable diagnosis can be made from the very first reading 
at the end of 30 (o 60 minutes based on the appearance of the sediment 
While the guinea pig sera, as a rule react satisfactorily at room tern 
perature, this is often not the case with human «era Human sera, par 
ticularly those obtained from mothers of erythroblastotic infants 
usually react most intensely at body temperature, as has been pointed 
out by Levine, in fact, with many such sera when tests are earned out 
at refrigerator temperature little or no clumping occurs Other human 
sera, however, are little affected by temperature and tbereare occasional 
sera, such as those found by Wiener and Peters, which react best m the 
cold In general, therefore, with unknown sera various temperatures 
should be tried 

Diagnostic tests can be earned out in a manner similar to that de 
scribed for the guinea pig sera at the temperature found optimal for 
the serum, usually 37®C, and the reactions are generally sufficiently 
developed within an hour If desired, the reactions can be accelerated 
by the centrifuge technic After 5 to 10 minutes incubation the tubes are 
centrifuged at low speed for 1 minute The sedimented cells are dis 
lodged from the bottom of the tube by gentle shaking and the aggluima 
tion reactions read both macro and microscopically 

HEREDITY OF THE RH FACTOR 

Landsteiner and Wiener* tested 60 families with 237 children for 
the presence of the Rh factor m the blood cells and obtained evidence 
that the property is transmitted as a simple Mendelian dominant The 
present author'® has more recently tested 40 additional families with 
138 children The combined results of these two studies are summar 
ized in table 50 

From the families m which both parents are Rh negative, it is evi 
dent that the Rh agglutinogen is transmitted as a Mendelian dominant, 
34 children from 7 such matings all proved to be Rh negative (Actually, 
in one family with 8 children tested by Landsteiner and Wiener, the 
oldest child was Rh positive On further investigation however, it was 
learned that he was a child of a former marriage ) The high proportion 
of Rh-X Rh- matings m the table is due m part to selection 
To account for the hereditary transmission of the Rh agglutinogen, 
Landsteiner and Wiener have postulated the existence of a pair of 
*Jffur Exp iled 74 309 (1941, 

” \\ lener and Sonn, CeneUcs, in press 
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allelic genes, Rh and rh, where the dominant gene Rk determines the 
presence of the factor, m analogy to other agglutinogens of human 
blood Under this theory, Rh negative individuals are all homozygous, 
genotype rhrh, while Rh positive individuals could be either homo- 
zygous or heterozygous, genotypes RhRh and Rhrh 
The theory can be tested by calculating the distribution of the Rh factor among 
the children of the three sorts of matings and then determining how clo«eI> the 
observed values approach the expected ones 

Table SO 


iiEKZony or the Rh Acglvtisocev 


Mating 

Number , 

of 

Families 

1 Number of Children 

1 Rh + 

Rh- 

1 Totals 

Rh + xRh + 

73 

248 

16 

264 

Rh+xRh- 1 

20 

1 54 

23 

77 

Rh-XRh- 

7 

0 

34 

U 

Totals 1 

too 1 

302 1 

1 73 

375 


This tabic includes 

60 famil es with 237 children b) Laiidsteiner and U lener (/e»r £xfi 1/rd 74 309 
{1541)1 

and 40 families with 138 children by Uiener and <onn [Cene/tes March (1943)] 

To make the computations it i> first nece«sary to determine the relative fre 
qucncies of genes JtA and rA and of geno(>pe$ RhR/i and JiirA 

Since m the population examined the frequeno of Rh negative individuals is 
14 to >7 per cent 

rA *5 V 0 14S 0 381 or 38 I percent 

and RA = 61 9 per cent 

The proportion of heterozjgou^ mdividuals among those positive for Rh is 


2(m(r/i) ^ „ 76.2 

(AW)’-t-2(/JA)(r*) " ” 138 ! 


■ 5> 2 per cent 


In the mating Rh+XRh+ Rh negative children can onl> occur when both 
parents are heterozjgous gcnotjpe RArA and in such families one-fourlh of the 
children should be negative Accordingly the expected incidence of Rh negative 
children in the Rh+X Rh+ malings is M (0 552)' = 76 per cent The obsened 
incidence 16 among 264 children or 6 I per cent does not diRer sigr ihcanlly from 
the calculated value 

In the mating Rh+X Rh — Rh negative children occur only in those malings 
where the Rh positive parent is heteiozygous half the children in such families 
being negative The expected incidence of Rh negative children in Rh + X Rh 
matings is therefore ^(0 552) or 27 6 per cent The actual frequency 23 among 77 
children or 29 9 per cent is only slightly higher than the calculated value 


Rh Factor and Sex The Rh factor is neither sex linked nor sex 
inlluenced in its hereditary transmission This follows from the observa- 




TAOtc 51 

Tamily Data Dfmonstiutino In»ei tndfnt A^'jortment or Genes for Rh, Hlood Crow s an» M N 1 yprs 



I &. W -T andsttiiur ami Wiener, loc at , W - Wiener, unpublished 
Tor the significance of chjscs U, V ami mdctcrmmalc, cf page 24'? 
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lions of Landsteiner and Wiener that the distribution of that factor is 
the same in the hvo sexes, not only in the general population, but also 
among the children in the families with Rh-posti\e fathers and Rh- 
negative mothers, while, if sex-linkage tvere present, offspring only (or 
predominantly) of one sex should exhibit the character. 

Relationship bctueen the Rh, A-B and M-N Properties As has already 
been mentioned, Landsteiner and Wiener found that in the general 
population, the distribution of the Rh factor does not differ significantly 
in any of the four blood groups or in the three M-N types 

For determining the linkage relations of the Rh property with the blood groups 
and M V tj-pes, only those famibes can be used in i^bich one of the parents is 
doubly heterozjgous (cf page 2-13) For the blood groups this includes families 
•vilh one parent of genotjpe ABRhrk AORkrh or BORhrh, and if tests for the 
subgroups are made abo AiA,Rhrh For studying the linkage relations of Rh and 
M N, only families with one parent of genotype MNRhrk can be used The families 
among the 100 summarized in table 50 nhicb gise significant information mth 
regard to linkage are listed in table 5 1 

Bith regard to the linkage relations of Rh and A B, it «il] be seen that of a 
total of 25 children from 7 families S children fall into class V nbicb does not 
differ significantly from the number expected under the assumption of independent 
assortment (69 * Ob) '* Similarly in the six families yielding information as to 
the linkage relations of Rh and M N 6 out of 17 children fall into cla«5 V the 
expected number being 3 9 ± 09 

Based on tbe«e results it appears that the Rb factor is probably inherited 
independently ol A B and M-N (or at least it is not clo'ely linked to either of 
these properties) 

Development and Constancy of the Rh Type W'hile systematic sttsdies 
have not yet been carried out, it seems certain that the Rh type is fully 
developed at birth, since the reactions of the blood of netvborn infants 
are indistingui‘!hable from those of adults That the Rh type is a con- 
stant characteristic of the individual, as would follo^^ from its heredity', 
has been confirmed by tests made over a period of three years 

That the Rh factor is already present m the blood cells during fetal 
life vsould follow from the observations on isoimmunization against 
the Rh property during pregnancy (cf page 369) Direct evidence 
supporting this conclusion has been obtained by testing fetal blood 

suDomsioNS or anrETm-TOsnicETri'E 

Uith the aid of standard anti Rh sera human beings arc diMded into only two 
types, Rh posilne and Rh negatne the latter comprising about 15 per cent of the 
while population m cities like New York Tbe situation is actually more complicated 
due to the existence of more than on'- variety of Rh agglutinogen 

Shortly after the discoiery of the Rh agglutinogen Wiener'* obtained from a 
patient who had bad hemolytic reaclioos to blood tran«fu‘ions a «rura which con 

“For method of computing this value cf Wiener. Oendtes 17 335 n932) 
Bomslem and Israel, Free Soc Exp BuA mdiftd 49. 718(1942) However, 
e/ Fi«k and Foord, Amer. Jour. Clm Path 12: S4S (1942). 
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tamed an irregular agglutinin acting on about 70 per cent of bloods That the prop- 
erty defined by this serum is related to Ibe Rh agglutinogen was established by the 
fact that bloods reacting negati\ely with standard antiRh «era almost regularly 
gave negative reactions with this speaal serum ” which later on proved to be of less 
frequent occurrence This situation seemed at first to resemble the subdivisions of 
group A especially when Levme encountered a serum from an Rh positive post 
partum patient which agglutinated all Rh negative bloods and in addition those 
Rh positive bloods which were not agglutinated by the speaal variet> of antiRh 

Table 52 


Comparison of Reactiovs of a Standard and a Special Anti Rh Serum 
fLandsteincr and Uiener , Exp 3feJ 74 309(1941)J 


Reactions with standard 

1 Reactions with 

“pecial anti Rh 

human anti Rh serum 

Positive j 

Negative 

Positive 

1 31 

8 

^egatl\e 

' 

1 


serum in analogy to the reactions of anti 0 serum with bloods of group 0 and sub- 
group A, 

Upon further study it became clear however that the subdivisions of the Rh 
positive type are not entirely comparable to the subdivisions of group A because 
the former are more complicated Thus occasional bloods were found which failed 
to react with (he standard anti Rh serum but reacted nevertheless with the anti 
Rh serum giving fewer positive reactions** In a series of 52 blood samples Land 
Steiner and Wiener found 31 that were agglutinated by both antisera 11 that were 
negative with both sera 8 that were agglutinated b> the standard anti Rh serum 
but not by the othe anti Rh serum while 1 blood was agglutinated by the special 
serum even though it was negative nilb the standard serum (cf table 52) This 
established that the agglutinins m the two sera are qualitatively different though 
related and that they define 4 types of human blood It is proposed to designate 
the agglutinin in the standard antt Rh serum (giving about 85 per cent positive 
reactions) as anti Rh, while the agglutinin m (he fess common serum (giving about 
70 per cent positive reactions) is designated as anti Rh^ (cf table S2a) to con 
form with the order in which they were found 

Levine et al*® have recently observed a third type of human antiRh serum 
which gives about 87 per cent positive reactions with bloods from white indivichials 
Levme*** has studied the relationships between the three varieties of anti Rh sera 
and his findings are included m table 52a It is evident that serum of type 3 behaves 
like a mixture of sera of types 1 and 2 and ra absorption experiments Levnne did 
obtain two distinct agglutinin fractions giving reactions corresponding to anliRh, 

” Wiener, loc ctt , Landsteiner and Wiener Jour Exp Med 74 309 (1941) 
“Levme meeting of Path Soc Jan 22 1942 However, Levine has sug 
gested that the property detected b) (his serum designated by him as Hr may be 
allelic to Rh analogous to the properties M and N 

” Landsteiner and W lener loc ctt , Levme personal communication 
‘Levme Burnham Katzin and Vogel Amer Jour Obst and Gj-n 42 923 
(1941) 

“• Persona! commumcatjon CJ DavidsoboaodTobarsky, Awcr Jour Clin Path 
12 434 (1942) 
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and anti Rh, For this reason it is proposed to designate the agglutinins m the thud 
sort of anti Rh serum as anti Rh,, (cf table 52a) Incidentally sera of types I and 
3 are distinguished either b> direct tests on bloods of incidence 2 per cent in table S2a 
or by absorption tests iMlh bloods of incidence 15 per cent 

The reactions could be explained most simply b\ assuming the existence of two 
qualitatively different agglutinogens Rhi and Rh in the blood cells corresponding 
to the acglutinins anti Rh, and anti Rh, The four sorts of blood would then have 


Table S2a 

RELATtONsnip Between tue Reactions or Difterem Tvfes or Anti Rh Seka 


Anti 1 

Ongmallv | 
Described 

Designa 
tion of 
Agglu 
tinms m 
Serum* 

Approxi 
mate 
Per Cent 
Poitivc 
Reactions 

Reactions of \arious Bloods 
Among U hite Indmduals 

Sera 

1 

4bout 

707o 

About 

la7o 

About 

2% 


Type 1 
(standard 
anti Rh) 

Landstaner 
and lener 

anti Rhi 

85 

PD« 

Pos 

Ncg 

Neg 

Tvpc 2 1 

Wiener and i 
Landsteiner 

anti Rbt 

72 i 

I’os 

Ncg 

Pos 


Type 3 

Levine Bum 
ham Katam 
and\ogel | 

anti Rbi 

87 


Pos 

1 

1 Pos 

Ncg 

So-called 
anti Ur 

Levine, Javerc 
and Katxin 

anil Ifr 


Neg or 
Weakly 

1 

Pos 

N’eg 

Pos 

serum 

1 

1 

1 

Pos 





* This designation was adopted after di cus>ion with Drs Landstcincr and 
Levine 


the composition Rh,Rh. Rb, Rb, Rh negative respective!) This assumption 
would imply the existence however of two corresponding genes M, and RA, 
which would have to be either independent linked or allelic The first two possi 
bdvties arc excluded “ince the product of the frequencies Rh,Rh, X Rh negative 
is much greater than Rh, X Rh, Moreover the existence of allelic genes RA, and 
RA, in individuals whose bloods react with both anti Rh, and anti Rh, would 
necessitate that this class not exceed 50 per cent while the actual frequency is 
70 per cent Accordingly the observations arc best explained by assuming the 
existence of 3 qualitatively different Rh agglutinogens m'tcad of only 2 one type 
reacting with anti Rh^ serum but not anti Rh^ a second reacting with anti Rh^ 
but not anil Rh, and a third reacting with both sorts of anti Rh sera (vidi. 
Landsteiner”) 

While the sera of types 1 2 and 3 (table 52) arc those mo'i often encountered 
Levine has found a few human «eri from mothers o^ erythroblastic infants which 
give divergent reactions with rare bloods indicating ihc possible existence of still 
further vanelics of the Rh agglutini^en Because of the rarity both of the sera 
and of the bloods the<e have not yet been thoroughly studied 

Some preliminary studies by 4\i«ier and Landsteiner indicate that the varieties 
of Rh agglutinogen are hereditary 

” Land'lcmer K. Specificity of Serologicai Reactions pp 140 144 Charles C 
Thomas, Springfield, IIL (1936) 




CHAPTER XVI 


FURTHER INDIVIDUAL DIFFERENCES IN 
HUMAN BLOOD 

By means of the five agglutinogens A,, A*, B, M and N, and the two 
common varieties of anti-Rh agglutinins, 72 distinct types of human 
blood can readily be identified ’ There is evidence for the existence of 
still other specific agglutinogens in human red blood cells Since each ad- 
ditional independent agglutinogen doubles the number of subdivisions 

Table 53 

Experjuen’t Shominc ms jKwviDUAUTy OF THE Blood 
(After Lantbleiner and Levine) 


Blood 



^ d 
Sch 

Ldst 

Henrj 

Mocl 

PbL , 

Htiy 

B1 

Kr 1 

AW 

Group 

1 0 

0 

A 

0 

A 

A 1 

A 

1 0 

1 0 

Reaction for M 

i +± 

— 

+ + ± 

++± 

— 

4-+± 

+ -H± 

— 

i +± 

Reaction for N 1 
Serum 1219 A* (ag' 

•b 

1 

+ + 

- 

+ 

+ -^± 

+ 1 

1 


I + + ± 

i 

glutmm CTi) ' 

- 1 

— 

+ 

- 1 

— 1 

-r 1 

- 1 

- 

' - 

Senim A, no 740t 

-b 1 

tr 

— 

± 

+ I 

+ 1 

tr 1 



Serum B, no 2038t 

± 1 

— 

* 


• 



1 + 

i — 

Serum B, Meozf 

- , 

+ 

• 


* 

• 1 


- 

1 + 


* Isoagglutmation f Seia containing irregular isoagglutmins 


of human blood, an individuality of the blood reminiscent of the in- 
dividuality of the finger-prints is conceivable. Such a view has been 
suggested by Landsteiner.* In this connection, an experiment per- 
formed by Landsteiner and Levine* may be cited The bloods of nine 
individuals working in their laboratory were tested by means of im- 
mune agglutinins and certain atypical human agglutinins. When a sec- 
ond set of specimens labelled by numbers only was tested with the same 
reagents, it was not difficult to determine to which individual each of the 
specimens belonged (cf. table 53). 

' And Ihis does not take into account rare bloods of subgroup A, and AjB, or of 
t>pe MNj, etc 

’Science 73: 403 (1931) 

’/i7Kr Immtmol 17: 1 (1929) 
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However, factors in addition to those discussed in the preceding 
chapters are not jet available for general use because of the difficulty 
of preparing or securing the prt^r reagents Indeed, with onlj one 
or two exceptions (agglutinogens P and Q) the results have not been 
perpetuated by the original observers by establishing standard bloods 
so that It IS not possible now to compare the reactions of any new sera 
that may be obtained with those previously reported m the literature 

In this chapter will be presented, first what is known regarding the 
agglutinogen P, then some remarks concerning individual differences of 
human blood in general 

AGGLUTINOGEN P OF LANDSTEINER AND LEVINE 

In 1927, when Landsteiner and Levine* prepared the first immune 
anti M and anti N rabbit sera, they also obtained sera which defined 
Still another property in human blood, designated by them as agglutino 
gen P Isoantibodies against P occur occasionally in normal human 
sera* and rarely as a result of isoimmumaalion in patients receiving 
repeated blood transfusions • WTiiIe the possibility exists that thi> factor 
could on rare occasions give rise to hemolytic transfusion reactions to 
date no such reactions have been reported (cf pagellS) If the technic 
can be worked out more satisfactonlv the agglutinogen P may find 
application in forensic medicine as an additional means of individual 
izing human blood and because of its hereditary nature also for the 
exclusion of parentage (cf page 391) 

Tcchnic of Testing for P Agglutinogen The mam difficulty is that no 
reliable method has yet been devised whereby reagents of satisfactory 
potency and uniform «pecificity can be obtained regularly The immune 
rabbit serum obtained by Landsteiner and Lcvme gave strong reactions 
with many bloods, but there were transitions between positively and 
negatively reacting bloodi, moreover, attempts to produce the antisera 
again were either negative or yielded reagents less satisfactory than the 
original serum * 

In occasional human sera as alreadv mentioned Landsteiner and 
Levine encountered irregular isoagglutinins giving reactions corre 
spending to the P factor Aside from the raritv of such sera these had 
the disadvantage that the reaclior» are considerably weaker than those 


•Jour Exp Med 47 "57 (1928) 

‘Landsteiner and Le^^^e Jour Immunol 17 1 (1929) Jour Immunol 

19 1 (1930), tticncr unpubli bed observations 

•Wiener and Peters Ann Ini Med J3 2306(1940) Uitner Amcr Jour Chn 
Path 12 ro’ (1942) 

’Landsteiner Strutton and Cb3‘c Jour Jmmunot 27 469 (1934) Scnill 

Peutsche Zls(h' f d ges gtnchll i!ed 21 494 (1933) 
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of the immune sera In fact, the agglutinin in these sera was designated 
at first as extra-agglutinin 1 by Landsteiner and Levine, because so 
many more negative reactions were obtained that the relationship to 
the anti-P immune serum was not immediately recognized Nigg* has 
also described two human sera which were later found to contain 
natural anti-P isoagglutinins, and 3 or 4 such sera have been en- 
countered by the present author during the past 10 years Two post- 
transfusion sera referred to the author for study were found to contain 
anti-P isoagglutinins, apparently resulting from isoimmunization (cf 
page 65) Although the agglutinins in these sera were of low titer, 


Table 54 


DEUOXSTRAtlOV or THE AGGLUTINOGEN P WITH THE AlD OF NORMAL ANIMAL SEKA 
(After Landsteiner and Levme) 


Sentm 

1 Num 

1 Cells Group 0 

her 

1 



! 32 

33 

-1 

35 

36 

37 , 

38 , 


44 

74 


Rabbit 

71 

0 

l+±' 

tr 

i 0 ' 

0 


+ 

0 

+ 

0 ' 

tr ! 


0 

Horse 

5 

0 

+±l 

tr 

0 1 

0 

± 

+ 

0 

+ 1 

0 ' 

0 1 

± 1 

0 

Horse 

10 

0 

'+±1 

0 

' 0 

0 

+ 

+ ± 

0 

+ 1 

0 1 

0 


tr 

Human ' 

6 

ftr 


± 

!f tr 1 

1 

0 

± 

+ 

tr 1 

1 

+ 


tr 

1 + 

tr 

group B' 
(unab i 
sorbed) 

64 , 

0 

1 1 

+ 1 

0 

|o: 

0 

(.r 

+ 

1 

0 

+ 

»! 

0 

± 

’ 0 


The 4 animal sera were absorbed with blood no 58, group 0 For comparison 
the tests with a human serum (group 6) containing extra agglutinin 1 are gi\ cn 


a sharp differentiation between P-h and P — blood could be made in 
tests at refrigerator temperature 

Suitable reagents for testing for property P are obtained most readily 
from normal animal sera’ (cf. table 54) since such sera, particularly 
from pigs and horses, not infrequently contain anti-P agglutinins 
Dahr’“ encountered a normal pig serum ojntaining anti-P agglutinins 
of exceptionally high titer (256), permitting a sharp distinction be- 
tween P-j- and P — blood and enabling him to carry out extensive 
investigations on the heredity of the P agglutinogen (cf. page 259) 

Animal sera must first be treated with human cells (o remove any hetero- 
agglutsnins that may be pre'cnt, also groiqi agglutinins such as anti A, anli U or 


*/o«r Im/nnnol 19: 1 (1930) 

’ Landsteiner and Levme, 7oHr /mmnnol 20 179 (1931) 
"A7»i {rod 18: 806 (1939) 
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anltO The technic recommended by Lnodatemer and Lcvinc is to inactivate the 
serum dilute it nith an equal volume of salme solution and mix it with half its 
volume of pooled washed packed P negative cells of groups 0 and B After 
the mixture has stood m the refngerator overnight the serum is separated and 
tested against standard P+ and P — blood If any reaction still occurs with the latter 
the absorption is repeated usually VMth a smaller quantity of cells If bloods of 
known P types are not available by systematically absorbing a number of animal 
sera with different human bloods reagents can be obtained which give distinct and 
parallel reactions with selected human bloods independent of the blood groups and 
these as a rule will correspond to agglutinogen P 

Once suitable reagents have been obtained, the tests offer little diffi 
culty, the-se being earned out like ordinary blood grouping tests 
Table 55 


IIeredltv ot tiie P ACCUmNOCEV 
(After Dabr and Zehner) 


Mating 

Number i 

of 

Families 

1 Number of Children 

P + 

P- 

Totals 

P + XP + 

249 

677 

79 

756 

P + XP- 

134 

286 

1 179 

465 

P-XP- 1 

34 

(4) 

94 1 

98 

Total! 

417 

967 

352 1 

1319 


This table includes the follow mg studies 

Dahr 112familicswith434children 

Dahr, Offc and \\ eber 93 families with 306 children 

Brmkmann 47 families with 129 children 

Nussbautn 40faTRdiesw}tht4tcb>ldTen 

and ahlen 120 families with 3Q6children 

Heredity of the P Agglutinogen The first studies on the heredity of the 
P agglutinogen were handicapped by the Jack of potent reagents Using 
human natural anti P agglutinins in a study on 103 families with 498 
children, Landsteiner and Levine” demonstrated the hereditary miure 
of the P lyp®> l^tit because of the frequent occurrence of indefinite re 
actions were unable to determine the e^ct mechanism With the aid 
of more satisfactory reagents prepared from -nOTmaV ammal sera Land 
Steiner and Levine” tested 71 families and obtained evidence which 
would seem to indicate that the P factor is Iransimtlcd as a MendeUan 
dominant, inasmuch as they encountered 4 families with P negative 
parents m which all 18 children proved to be P negative 
The comprehensive investigations of Dahr and his collaborators” 


"Jour Immiiuol 18 87 (1930) 

"Jour Immunol 20 179 (IWI) 

“Dahr Ztsehr j Immumtatj 97 170 (W9), Dahi Offe and Weber Zljcftr 
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using the potent anti V pig serum referred to above, are summarized 
in table 5S It will be seen that among 1319 children there are only 4 
exceptions to the theory that the P agglutinogen is inherited as a simple 
Mendelian dominant by a pair of genes, P and p In not one of the four 
cases could the possibility of illegitimacy be excluded, moreover, m a 
study of 150 families with 751 children, Hausen'* did not encounter a 
single exception 

Tie theory can he tested further by determming how closely the distribution 
of the r agglutinogen among the children of the different matings agrees with the 
predicted values This is done by the same method used for agglutinogen Rh 
(cf page 250) 

Among 3530 individuals examined Dahr and his collaborators found that 2684 
or 7603 per cent were Ppositive and 846 or 23 97 per cent Pnegative 
Therefore p = VO 3~397 — 04896 
andP - 1 = 0 5104 

Accordingly genotype Pp = 0 4998 
and genotype PP ~ 0 2605 

In the mating P+XP+ the expected frequency of Pnegative children is 

V— 0 fOS or 8 per cent The observed frequency 79 among 7S6 
\ 0 7603 / 

children or 10 4 per cent agrees closely with the predicted value 

In the mating P+ X P— the calculated frequency of P negative children is 
, 04998 

yi ■— ■ = 0 3287 or 32 9 per cent The observed value 179 among 465 children 

0 7603 

or 38 S 1 5 per cent is higher but the possibility that the difference (about 3 times 
its probable error) is due to chance cannot be excluded 

Vortations tn the P Agglutinogen In tests on human Woods with anti P 
reagents prepared from various animal sera, Landsteiner and Levine” 
observed that while on the whole the reactions ran parallel, there were 
some discrepancies when different sera were used These authors con 
eluded that the so called property P is not a single entity but comprises 
a group of related agglutinogens In this respect agglutinogen P would 
not diffei from certain other individual agglulinable properties of 
human blood, in particular A and Rh (cf Chapter XII and page 252) 
With rega»-d to quantitative differences the present author'* has ob 
served in tests made with natural and immune human anti P sera that 
human bloods can be divided into three classes according to the inten 
sity of the reactions (cf table 56), namely, strong, moderate and com 
pletely negative reactors WTiether the differences in intensity of ag 
glutination are due to homo and heterozygosity (cf page 227) or to 


/ Rassettphysiol 11 78 (1940) Dahr and Zebner Deutsch med Moch 67 71 
(1941) 

■‘Cited after Dahr and Zehner lot at 
’Jour Immunol 20 179 (1931) 

"Uiener Shod Groups and Shod Tyans/ttsien p 182 2nd edition (1939) 
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qualitative differences m the P agglutinogen can only be determined bj 
family studies 

The investigations of Furuhata and Imamura*’ on the so<alIed ag 
Table 56 


CtAssificAnov or IvoniPLAts z\to Tiikez Grouts bv the 
Reactions of the Blood with Asti P Serum 


Blood of 

j Reactions with Absorbed Pig Serum 

1 Results 

1 hr room temp 

8 hrs ICC box 

A Ita 

- 

_ 

Pneg 

B Zu ' 

+ ± 

+ + i 

P strong 

B La 

— 

+ + 

P medium 

B Uol 1 

— 

+ 

P medium 

M Lc 

- 

- 

P neg 

Mks r 

— 


1 P tieg 

G Co 

- 


P neg 

R Ka 



! PflTg 

G Pe 


■ - 1 

r neg 

U As 

+ ± 1 


P strong 

R Se 


- 

P neg 

A Sc 

+ 

+ + 

P medium 

L \\i 

' ± 

' +± I 

P medium 

S Ma 

+ 

+ * 1 

P medium 

F Di 

1 — 

' 1 

P medium 

J F 

— 

+ 1 

P medium 

J Ma 

-t- 

+ ± \ 

r medium 

H Do 

— 


P medium 

A Bu 



P neg 

L Fr 

— 

+ 1 

P medium 

B Fi 

+ + 

+ +± 1 

P strong 

A III 



P medium 

C Ed 

+ ± 

+ +± 1 

P strong 


This table also jllustiatcs the impor^ncc of performing these tests under opti 
maj conditions, since hhen the tests are not sofTicientb sensitise fal»c negative 
reactions arc ohlained 


glutinogen Q are of interest This property* vva> determined with the aid 
of an absorbed normal pig serum The a^lutinogen Q has proved to be 
unrelated to the agglutinogens At, B, M and N but there is a marked 
correlation between the reactions for P and Q, as is shown in table 57 
For example, if Dahr’s results are compared with those expected on 
the assumption that P and Q are independent, then vve obtain for /* 
the very high value of 39 5 Ihe situation here is very similar to that 

Jour CeneUcs (Japanese) 12 SO (1936) 
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which exists \Mth regard to the Rh factor, where the reactions of two 
different varieties of anti Rh sera also make possible the separation 
of human beings into 4 classes (cf page 253) Accordingly, the so- 
called agglutinogen Q is most likely one variety of the agglutinogens 
designated as P Investigations on the agglutinogen Q in large series 
of families revealed that the property is inherited as a simple Mendelian 
dominant ’* 

P Agglutmogen tn Tvms Dahr Offe and Weber’* ha%e tested 134 pairs of 
motiovTiJar and 188 pairs of btavular twins for the P factor Bhile the bloods 
of identical twins in%anabl> ga\e corresponding reactions 43 of the 188 pairs of 

Table 57 


Relationship Between ■tccuTtivoGENs Pan-d Q 


Investigator '' 

1 

1 Number of Bloods Giving Reactions 

j Totals 

1 P+Q-f 1 

P+Q- 

i i>-Q+ 1 

' P-Q- 1 

Imamura* 1 

i 16 ' 

7 

1 ^ 

1 11 1 

1 38 

W leneit 

1 7 

0 

0 1 

1 3 ! 

1 

Dahrt 

' 57 ■ 

5 

' * 


' 83 


* Ilamatgaku Zoiskt (Japanese) 9 580 (1935) 
t Unpublished data (1939) 

XZtsehr f Rasseitpitystol 11 78(19-10) 


fraternal twins ga\e discordant results Such findings were to be expected m view 
of the hereditary nature of the I* a^luttnogen and they demonstrate that almost 
one fourth of fraternal twin pairs can be recognized by testing for the P factor 

Relation of the P Agglutinogen to A B, M N, Rh and Sex As has 
already been mentioned, Landsteiner and Levine found that the P ag 
glutmogen is distributed independently of the blood groups M N types, 
and sex In addition, Landsteiner and Wiener” have recently demon 
strated that the properties Rh and P are distributed independently 
of each other m the general population 

In the course of a study on the heredity of the blood groups and M \ types 
the present author forwarded the blood samples of a number of families to 
Dr KarJ Landsteiner and Dr Philip Levine (1931) who tested ibem for agglu 
tinogen P Analysis of these data** suggested that the genes for factor P are on 
a different chromosome or at least not closely linked to /I B 0 or M N Further 


“Furuhata and Imamura Jap Jotir Genetics (Japane'se) 11 91 (1935) 
"Imamura Han aigaku Zassht (Japanese) 9 S89 (193S) 

* Imamura and ‘'uzuki Jap Jour Genetics (Japanese) 12 aO (1936) 

‘'Ztschr f Rassenphysiol 11 78 (1U40) 

^JOUT Exp Med 74 309 (1941) 

“\\iener cited by Zie\e W lener and Fnes [/Imh Eug 7 163 (1938)] Analysis 
of the data of Dahr Offe and 11 eber yielded simdar results 
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more ihe propert> P is not sex linked. No data are available as >et with recard 
to the linkage relations of properties Rh and P If the«e prove to be independent 
then there will be four chromosomes marked with genes for blood factors available 
for linkage studies m human heredity (cf page 373) 

INDIVIDUAL DIFFERENCES IN HUMAN BLOOD GENERAL CONSIDERATIONS 

Tor the demonstration of individual differences in human blood four 
''Orts of reagents are available namelj natural and immune animal 
sera and natural and immune human sera 

Individual Blood Differences Demonstrable with Animal Sera As 
has been explained in the de<cription of the tests for and N 
when specific reagents against a particular agglutinogen are to be pre 
pared from animal •iera a preliminary absorption is ordinarily necessar> 
to remove any species specific agglutinms which may be present 

\\'hen endeavoring to find new agglutinogens in human erythrocjtes 
by means of natural or immune animal sera a number of difficulties 
must be overcome (1) Antibodies against agglutinogens present in a 
high percentage of human bloods may not be detected for the reason 
that all the absorbing bloods may contain the agglutinogen in question 
and will remove the corresponding specific agglutinin from the «erum 
(2) On the other hand m the case of rare agglutinogens no blood pos 
sessjng the property ma> be encountered (3) The prehminirj absorp 
tion necessary to remove the species agglutinins ma> non specifically 
remove or weaken the specific agglutinins as is the case for the ag 
glutinogen N (cf page 224) A fourth difficulty arises from the 
fact that the sera of animals of different species or even of the '^me 
species vary in their natural agglutinins and that different animals do 
not respond in the same way to immunization Consequentlj it may 
not be easy to reproduce the results of experiments which «eem to indi 
cate the existence of new properties Probably the greatest obstacle is 
that agglutmable substances responsible for individual differences may 
fail to evoke the production of immune antibodies For example in 
humtn beings, the transfusion of type M blood into type N’ individuals 
or vjca versa onl> extremely rarely stimulates the formation of isoanti 
bodies 

The first 5>sleniatic search for indmdual differences in human blood independent 
of the blood groups was made b> von Dungein and HiiNiftld * in i^to These authors 
examined a large 'cries of animal sera from various species in an attempt to find nat 
ural indmdual agglutinins for human bloods Each serum was absorbed with dif 
ferent human bloods and tested against a number of individual blood samples B> 
means of the ab orbed sera it could again be established that man> of these 
animal sera contained natural agglutinins specivc for \ and B” Furthermore in 

' Ztsekr j /ffimK«»/a/j 8 526 (1911) 

"Cf Landsteiner Munch med fl och 49 190a (1902) 
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some animal sera, agglutinins apparently specific for bloods of group 0 could be 
demonstrated (cf page 201) Von Dungein and Hirszfeld believed that their ex 
periments also revealed a number of differences that viould make possible an indi 
vidual diagnosis of every human blood However the reactions did not determine 
sharply defined propertie« nor were they always reproducible It is not unlikely that 
the differences were in part caused by accidental quantitative variations so frequent 
in serological work*® Subsequent experiments (see below) tended to corroborate 
the occurrence of v anous (mostly minor) blood differences demonstrable by absorbed 
normal (and immune) animal sera, but there is no technic available whereby these 
reactions can be put to practical use It is very likety that some of the stronger re- 

Table 58 

iNTiiviDUAL Differences ra Homan Blood Demonstrated by 
Means or Normal Cat Sera 
(After Landslemet and Witt) 


Tested against Corpuscles 


Serum Absorbed with 
Corpuscles 

Group 0 

Group A 

Croup B 

151 

155 

156 

157 

159 

1S2 

158 

153 

154 

160 

ISl 

0 

0 

0 

0 

0 

+ + 

+ + + 

+ 

+ 

+ 

155 


0 

0 

0 

± 

+ + ± 

+ +± 


+ 


Group 0 156 


0 

0 

0 

0 
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+ +± 

+ 


+ 

157 

+ 

0 

0 

0 

0 

+ +± 

+ + + 


+ 

+ 

159 

+ 


0 

0 

0 

+ + + 

+ +± 

+ 


+ 


+ 

± 

± 

tr 

tr 

0 

0 

+ 

+ 

+ 

Group A 

+ 

tr 

0 

0 

0 

0 

0 

+ 

+ 

+ 

153 

+ 

+ 

0 

tr 

tr 

++ 

++± 

0 

0 

0 

Group B 154 

+ 

0 

0 

0 

0 

+++ 

++± 

± 

0 

0 

160 

+ 

± 

tr 

± 

+ 

++± 

++ 


+ 

0 


actions observed by von Dungem and Hirszfeld correspond to the tjpe P of Land- 
slemer and Levine 

An experiment performed by Landstemer and \\ itC* along similar lines may be 
Cited The pooled sera of 10 cats were absorbed with washed sediment of 10 dif 
ferent human bloods and tested against cell suspensions of each of the absorbing 
bloods From table 58 it is obvious that the pooled sera contain specific agglutinins 
against the agglutinogens A and B so that the groups of the 10 bloods could be 
determined from the reactions The 3 bloods of group B showed some differences, 
the 2 group A bloods were alike and of the S group O bloods 4 showed only 
slight variations (accidental?), but one differed markedly This blood apparently 
contained an agglutinogen independent of the agglutinogens A and B Though this 

*"11115 IS substantiated by the expenmenl given in the table on page 546 of the 
paper by von Dungem and Hirszfeld 

” Jour Immunol 11 221 (IWCl 
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particular expenment was clean-cut sneral attempts to reproduce it ha\e been un 
successful thus emphasizing the difficulties mentioned abo\e 

The blood properties described tn the following paragraphs are dis 
cussed for the saLe of completeness, but are not easily accessible to 
investigation, and for the most part have only been studied fay the 
original authors 

Andresen” has described an agglutinable property of human blood 
detected with an immune serum which he obtained from a rabbit that 
had been injected with O'fl blood When an I 20 dilution of this serum 
was suitably absorbed it was found to contain m addition to potent 
anti M agglutinins, another agglutinin designated by Andresen as 
anti X 94 per cent of a series of 200 human bloods were found to 
contain the property X The difficulty of finding blood lacking the 
property X which can be u^^ed for absorbing immune sera may ac 
count for the fact that antibodies for X were not previously detected 
and will prove an obstacle to further studies 

I^ndsteiner, Strutton and Chase** injected rabbits with negro blood 
which gave a strong reaction for P and obtained an immune serum 
which nfler absorption gave reactions defining a new igglutmogen 
This agglutinogen in contrast to property \ is rare It is much more 
common in negroes than in whiles since it was found in only 2 out of 
387 while individuals and m 14 out of 191 negroes Remarkably all 
the bloods that gave distinctly po-Uive reactions belonged to types X 
or MN 

It IS possible that additioiu! Oiffeieoces m humin blood may bo discovered with 
the aid of normal or immune sera from animus other than those already used 
Thuc Schid*’ has described a ne\s agglutinogen |H) detectable uilh the aid of an 
immune sheep serum which is inherited as a <imple mendelian dominant Using 
normal cel serum Sugishita’* found that rome of the *era agglutinate all human 
blood with approiumately equal intensity other eel sera act most strongl) on group 
O cells tVith the aid of sera of the taller sort bloods from groups A B and AB 
could be divided into two types. Those Hoods which are agglutinated b> higher 
dilutions ol eel serum were ^signaled as type E lho«e agglutinated only by vin 
diluted or at least not highly diluted scrum as type c From family studies it seems 
that the properties E and e are bcrcdjlai) qualities** closely related to if not 
identical uith those demonstrable wUb anti 0 sera (cf page 201) 

*Zlschr / Jmmunitats 85 227 (WJa) 

“Jour Immunol 27 469 (1034) 

“In one experiment performed with scrum kindly supplied by Dr Landsteiner 
the writer tested a series of over 25 Woods from while mdisiduaU and included as 
a control blood from the negro used for the immunization \ positi\e (strong) 
agglutination reaction occurred with the control blood but none of the other 23 
bloods showed any agglutination. 

” Die haiunnis 20 638 (1932) 

"Sugishita /h enkatZasshi (JapaiKsc) 40 1938 (1935) 

"Sugishita ibid 40 3367 (I93s) 
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Ottensooser®* has described attempts to demonstrate individual differences in 
human blood with the aid of polyaalent immune sera which in his opinion demon 
strate an almost complete individuality Rabbits were given injections of the pooled 
blood from almost SOO different persons The immune rabbit sera were pooled and 
mcompfetel} absorbed with a variety of bumaii bloods The tests were made on 
slides and the time noted when agglutination appeared with various samples of 
blood. A similar technic was used by Otteasooser for testing human blood with 
normal animal sera Here similar remarks apply as have been made with regard to 
the experiments of von Dungern and Hirszfeld Similar experiments have been 
earned out by Lattes and Domenici®* but further mvestigations are needed to 
establish the real value of this method 

Indtiidual Differences tn Human Blood Demonstrable wth Human 
Sera The demonstration of individual differences in human blood by 
means of normal or immune isoagglutinins is simpler than with animal 
sera, insofar as no preliminary absorption is necessary to remove species 
agglutinins As has been pointed out, a small percentage of normal 
human sera contains irregular isoagglutinins that produce reactions of 
minor degree (cf page 44) 

Such agglutinins have been reported from time to time since the 
blood groups were first described, but in most cases, they were not 
systematically studied A rather active irregular agglutinin (titer 1 S) 
found by Ottenberg and Johnson** in the serum of an individual belong 
mg to group B, was somewhat more thoroughly investigated This iso 
agglutinin, unlike most other irregular agglutinins, was active even 
at 37®C The agglutinogen defined by this «erum was also studied by 
Landsteiner and Levine,” who found that it bore no relation to any of 
the previously known agglutinogens Some of the reactions produced 
by the serum are shown in table S3 (>erum B, Menz) 

Guthrie and his coworkers” described a serum of group 0 that 
acted on only one of 18 bloods of the same blood group Jones and 
Glynn” made a systematic study of the sera of 40 normal individuals 
by testing each serum against the blood cells of the other 39 individuals 
They found that six of the sera gave atypical reactions Among 3500 
sera, Thomsen*® found 32 that gave abnormal reactions 

Landsteiner and Levine" investigated this problem thoroughly and 


" Ztschr } ImmurnSals 89 260 (J9S6) 

^ }Iematologtca\% 543 (1937) Also«e Hausbnndl Hematol 18 S93 (1937J 
“2oiir Immunol 12 35 (1926) 

"Jour Immtinol 17 1 (1929) 

“Guthrie and Huck Bull Johns Hopkins Hosp 34 o' 80 128 (1923) tbil 
35 23 (1924) Guthrie and PessI 35 33 81 126 (1924) 

"Jour Pathol and Baclertol 29 203 (1926) 

"Ztschr f Immuntlals 57 301 (1928) 

‘ Jour Immunol 20 179 (1931) 
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systematically The most irequent of the irregular isoagglutinins 
found by these authors were related to the subgroups of group A and 
group AB (cf page 45). Other sera were found which gave reactions 
unrelated to the blood groups. Of these, the most common were those 
rontainmg the so-called e.xtra-agglutinin 1 (cf. table 59), whose reac- 
tions corresponded roughly to those of immune anti-P sera. The reac- 
tions of the other sera containing atypical isoagglutinins were not classi- 
fied 

A number of the sera containing irregular agglutinins nere re-examined by 
Landsteiner and Levine several times over a period of a jear The results on the 
whole were consistent In some cases, however, there were variations in the intcn 
sity of the reactions so that weak agglutinations were not reproducible on re 


Table 59 

Reactions with Hcvus Seba Co'Jtacvino Extra Acocvtims 1 
(After Landstemcr and Levine) 


Scrum 
Number ^ 

Group 

[ Corpuscles of Group 0 


34 1 

|« 

250 

299 1 

538 

901 

915 1 

916 

938 

974 

102J 

299 1 

0 1 

0 

+ 

iftr 

+ 

0 1 

0 

0 

ftr, 

® i 

0 

-I- 

+ 

1172 1 

A 1 

0 1 

-f 


-k 

tf i 

ir 1 

It. 1 

fid 

0 1 

0 1 

+ 1 


1048 1 

® 1 

ftr 

+ 

!•' 

+ 

0 ! 

0 

0 


0 1 

» 

+ 1 

± 


examination The stronger sera remained active when kept in the ice box for months 
whereas in weaker sera deienoration was noticeable after a shorter time 

Evidence for the hereditary character of (he agglutmogen discovered by Olten 
berg and Johnson has been furnished in family studies by Landstemer and Levine ** 
The present author*’ has recently encountered a human serum containing a 
natural isoagglutimn reacting with an extremely tare agglutinogen in a human 
blood When matching the bloods of a group B patient and donor, strong agglu- 
tination was observed in the mature of donor’s serum and patient’s cells The 
donor’s serum, which contained potent anti-A asglutinins did not give a single 
abnormal reaction in tests on hundreds of other blood samples of all groups 
Moreover, the patient’s blood cells reacted perfectly normally when tested with 
numerous other human sera, being a^luimated uniformly by group A sera but 
not by group B sera, and the patient’s scrum contained a typical anti-A agglutinin 
Accordingfy, ffie abnormal aggAifination reaction observeu’ was appamrCiy' lAnr 
to an unusual agglutinogen in the patient’s cells and the corresponding rare i‘o 
agglutinin m the donor’s serum The agglutinogen was not present in the blood 
cells of any of the patient's three group B children 

In general, the demonstration of individual differences aside from the 
blood groups in human blood, with the aid of natural isoagglutinins is 

Jour Immunol 18* 87 (1930) 

"Wiener, itincr Jow'.Cltti Pat& 12.302 (1942) 
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not very practicable for two mam reasons Firstly, sera containing 
irregular isoagglutmins are rare, and of those with the highest inadence 
only anti P is useful, because agglutinins for At and O are more 
readily obtained by other methods Secondly, irregular isoagglutmins 
are weak, as a rule, and may deteriorate quicklv 
Immune Isoagglutmms ** As has been pointed out particularly by 
Wiener,*’ the occurrence of isoimmunization m man can be demon 
strated most strikingly by tests on sera from patients who have been 
transfused unintentionally with blood of an incompatible group (cf 
page 64) It appears from these observations and from the report 
of Biancalana and Teneff*® that the agglutinogens A and B are good 
antigens in man for those individuals who lack the corresponding 
agglutinogen The almost completely negative results obtained by 
Thomsen*^ can most likely be ascribed to the small doses he injected 
These results and the evidence that has been collected for the ex 
istence of a large number of individual differences m human blood 
might lead one to believe that isoimmumratton would be an effective 
method also of detecting intragroup differences, and this view would 
seem to be supported by some of the results obtained m lower animals 
(cf Chapter XIX) However, the paucity of positive information on this 
subject until recent years tends to contradict this view The reason why 
isoimmunization yields so few positive results is that the agglutinogens 
responsible for intragroup differences are either non antigenic or only 
poor antigens in man For example, M and N are extremely poor anti 
gens in man** even though th^ are good antigens for rabbits and other 
animals (cf page 118) 

The first deliberate search for immune isoagglutmins formed as a 
result of transfusion was made by Landsteiner, Levme and Janes,** 
nho examined the sera of 7 individuals who had been repeatedly trans 
fused with blood of their own group In S of these sera no abnormal 
agglutinins were noted In the sixth case, an abnormal agglutinin ap 
peared in the recipient's serum after the first and second transfusion 
but It was later noticed that the patient’s serum had contained a very 
weak irregular isoagglutimn before the transfusions were given In the 
serum of the seventh patient, who belonged to group A, the presence 

’ Cf review by Hooker [Aew Engl Jour of tied 225 871 (1941)] 

“Wiener Blood Groups and Blood Transfusion p. 98 2nd ediiion (1939) 
Wiener Oremland Hyman and Samnick Amer Jour CUn Path 11 102 (1941) 
Wiener Jour Immunol 41 181 (1941) cf Ro Acta chir Scand 80 283 (1937) 
"Boll Soc Int Micro Se Jtal 2 397 (1930) 

* Ztsckr / Rassenpkystol 2 lOS (1930) 

“Wiener and Forer Proc Soc Exp Suit and Med 47 215 (1941) Wiener 
Amer Jour Clm Path 12 302 (1942) 

”Proc Soc Exp Biol and Med 25 672 (1928) 
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of ^^eak isoaggfulmms acting on the Wood of group O and subgroup A* 
was detected Accordingly, in the latter two cases, there niaj have been 
an I'loimmunization effect 

The present author undertook a similar investigation of post trans 
fusion sera several jears ago but abandoned the project when no posi 
tive results were obtained The reason for the negative findings becomes 
dear when we consider that hy the method of differential agglutma 
tion“ It has been shown that the donor's blood cells survive in the pa 
tient’s circulation for periods up to three or four months (cf page 
73), while the appearance of immune isoagglutmms in the patients 
serum would hardly be expected until all the donors cells have been 
eliminated Apparently individuals having the capacity to eliminate 
blood of the homologous group rapidlv from their bodies and to form 
immune isoantibodies are rare Accordingly, sera containing immune 
isoagglutmms are generally found either (1) by chance in cross 
matching tests in patients receiving repeated transfusions or (2) by 
the investigation of selected sera, namely, from patients with hemolytic 
transfusion reactions (cf page 117) 

As an example, the case report^ b) Neter*' may be cited He ob 
served the appearance in a patieut’s «erum of immune isoantibodies 
following a blood transfusion, when the matching tests were repeated 
preliminary to a second transfusion from the same donor In tests 
made at 37*0 the patient’s scrum when fresh hemolyzed and when 
inacUsated agglutinated, certain other bloods of compatible groups 
At low temperature, only weak agglutination was obtained the serum 
m contrast to tho«e containing natural isoagglutinins reacting most 
intensely at higher temperatures. The present author** ha:> examined 
6 sera from patients receiving rqieated transfusions which were re 
ferred to him because in the matching tests they were found to con 
tarn irregular isoagglutmms The immune I'^oaggluUnins m 2 cases 
proved to be anti P, one each were anli A,, anti O anti M and anti Rh 

In cases of hemolytic transfusion reactions a number of investigators 
have detected irregular isoagglutinins or isohemolysins in the patients 
«;era ” Examining such sera, Wiener and Peters,** as mentioned before 
observed that the great matprity contained isoantibodies corresponding 


"Wjener Amer Jour Clm Path 12 189(1942) 

‘ Jour Immunol 30 2S5 (1936) 

“Wiener etal Amer Jour Clm Path 11 102 (1941) Wiener Amer Jour 
Clm Polk 12 302 (1942) 

“Aicho Ztsehr J Jiassettphysiol 9 1 (1936) Culbertson and Ratcliile Amer 
Jour iled Set 192 471 (1936) Pondman Acderl Ttdjjchr tow Ctneesk 82 
6111 (1938), etc 

** W lener and Peters Ann Ini Med 13 2306 (1940) 
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to the property Rhj and m the examination of one of the sera, the ex 
istence of subdivisions of the Rh type was established ® (cf page 252) 
Because of the rarity of jnlragroup isoimmunization by transfusion, 
the study of individual blood differences by this method is difficult 
A step forward was made when it was discovered that isoimmunization 
can also result from pregnancy In titration experiments on the sera 
from post partum patients, Jonsson** observed that m group 0 mothers 
bearing group A children, the average titer of the anti A isoagglutinms 
is distinctly higher than that of the anti B isoagglutimns, while in group 
0 mothers bearing group B infants the situation is reversed The<?e find 
mgs suggest the passage of fetal blood or plasma containing group sub 
stances (cf page 117) into the maternal circulation wnth resulting iso 
immunization At about that time (1935), the present author®’ encoun 
tered a post partum patient of subgroup A with exceptionally potent 
a, agglutinins in her serum While at first these agglutinins had been 
believed to be natural irregular isoagglutinms, after Jonsson s report 
the possibility had to be considered that they might be the result of 
isoimmunization to the stillborn infant's blood (presumably of sub 
group Ai) This idea received support from Levine and Stetson s ’ ob 
servation of a hemolytic transfusion reaction which they traced to iso 
immunization of the mother by the fetus Furthermore, in an analysis 
of intragroup hemolytic transfusion reactions, \\ lener and Peters ’ 
noted that every such reaction to a first transfusion occurred in a post 
partum patient Nevertheless, isoimmunization from pregnancy is not 
a common occurrence, so that in the examination of random post partum 
sera irregular isoagglutimns will not as a rule he encountered Pre 
sumably two factors are necessary in order for this phenomenon to 
occur a defect in the placenta, permitting the passage of fetal blood 
into the maternal circulation, and a patient capable of responding to 
the introduction of fetal blood by the production of isoantibodies 
The detection of post partum sera containing immune isoagglutinms 
was facilitated when Levine, Katzin and Burnham*® discovered the 
relationship between isoimmunization in pregnancy and the occurrence 
of erythrofifastosis letafis (cf page S69) Sy studying sera from 
mothers of erythroblastotic infants, immune irregular isoagglutimns 
are demonstrable in at least half the cases *‘ Here again the most com 

“Wiener Arch Path 32 227 (1941) 

Ada Pathol et Mtcrobtol Scand 13 424 (1936) 

"Jour Immunol 41 181 (1941) 

"Jour Amer Med Auoc 113 126 (1939) 

"Ann Int lied 13 2306 (1940) 

"Jour Amer lied Assoc tt6 825 (1941) 

“Levine Burnbam Katzin sad Vogel Amer Jour Obsl and Cyu 42 92? 
(1941) Wjener Amer Jour Clm Path 12 302 (1942) 
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nion irregular isoagglutinm pro\ed to be anti Rb, and indeed as 
already mentioned (cf pa^ 246), some of these sera are the most 
potent reagents for testing for the Rh factor There is evidence that still 
further individual differences in human blood may be demonstrable b> 
this method (For example, see the report by Lev me and Pola>es **) 

In conclusion, the important role that the constitution of the indi 
vidual plays in the capacity to form immune isoantibodies should be 
pointed out again In this connection, it is of interest that m a rela 
tnelj short period, the present author** has observed tno cases of 
multiple isoimmunization, which would hardly be expected if I'oim 
munization occurred at random 

INDIVIDUAtlTY OF TIfE SERUM** 

The antibodies which have been found in human and animal sera 
have been classified as normal (or natural) and immune The latter 
whether acquired as a result of manifest or unapparent infection or 
resulting from the parenteral injection of foreign proteins bacteria 
blood cells, etc , determine individual blood differences though not of 
constitutional nature 

There are certain normal antibodies which appear to be lo <ome exieoi char 
actcrisLic of the species. As an example maj be cited LandMeiner s observations (cf 
pane 20) on the occurrence of anti A and anti b asflutinins in the sera of various 
monkey species Konever m genera) there exist vanations among the sera of 
individuals of the same «pecies wnh regard to then content of noim^ aEgtutinms 
due to constitutional differences This is the mam reason why it is difficult to 
prepare reagents from normal animal cera for demon<traiing agglutinabfe proper 
lies m human b ood other than A B or 0 (cf page 262) As an example may be 
cited the results of an expcnroenl made b> the author with normal cat •era 
different cat sera were studied and it was found that 2 gave liUie or no aggluuna 
tion reactions in tests with human red cells one «erum contained anti 'V arglucmins 
and another antj 0 agglutuiins but with littJe or no human species agglutinins 
the fifth contained moderately potent species agglutiiun< and in addition anii A 
anti 1) and anU 0 agglutinins while the remaining two sera contained potent 
human 'peciis agglutinins moderately strong anti A anti B and anli-0 agglutinins 
and besides one or two weak betero-agglutinins defining individual difference^ 
in human blood independent of A and B (cf page 263) 

Several studies indicate the hereditary nature of normal antilxidies Thus Land 
sLcinet and Levine®* found that the incidence of anti P agglutinins m the offspring 
of rabbits possessing such agglutinins is much higher than in adult rabbits taken at 
random And Stuart et al " demonstrated that the presence of normal anti A agglu 

“Ann Ini Med 14 1903 (1941) 

"Wiener and Forer Froc See Exp Btol and Med 47 215 (1941) Wiener 
^ilvermon and Aronson 1«er Jour Cltn Path 12 241 (1942) 

“Cf Landsteiner Specificity of Seri>lo{,ical Reactions p 86 (1936) 

“Jour Immunol 20 1/9 (1931) 

“Stuart Savvin W heeler and Battc> Jour Immunol 31 25 (1936) 
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tmin in rabbit sera is inherited, this property probably being transmitted as a simple 
Mendclian recessive 

In man, certain normal antibodies (for example, hemagglutinins for 
rabbit blood) are present in practically every serum, v\hereas others 
are characteristic of the individual, such as the common isoagglutinins 
a and 0, The presence of an anomalous isoagglutinin in a person’s 
serum may serve to differentiate him from other individuals, but be- 
cause of their rarity they can only exceptionally be used for individual 
identification According to observations made by Nigg** on extra- 
agglutinin 1 in one family, it seems not unlikely that this agglutinin may 
have an independent heredity as a Rfendelian dominant 

Heteroagglutinins in human serum for blood of certain species show 
considerable individual variation.** This phase of the problem of the 
individualization of the blood merits further investigation 

*■ Also, see Kaempffer Ztschr f indukt Abilamm u Vererbimis 61. 261 (1032) 

'"Jour Immunol 19 I (1930) 

“C{ SieMTS, Acte Palfi et \ttcrohtol Scand 24* S53 (1037) 



CHAPTER XVII 


GROUP SPECIFIC SUBSTAXCES IN ORGANS AND 
BODY FLUIDS, STUDIES ON THEIR 
CHEMICAL NATURE 

The DI\^SIO^ of human beings into four groups O A B and AB is 
not limited to the blood since group speafic substances are present in 
the cells of almost e\ery organ of the body and m most indniduaL 
(secretors) also in the body fluids and secretions \\ith respect to 
factor A there are also demonstrable differences in the tissues and 
bodj fluids corresponding to the two subgroups * 

Group Specific Substances A and B m Organ Cells Landateiner and 
Levine* demonstrated for the 6rst time the presence in man of the 
group specific substances A and B in cclL other than the er>throcytes 
They showed that spermatozoa* have the capaaly of epeafically 
absorbing group agglutinins from immune serum Previous!} von 
Dungern and Hirszfeld* had observed the existence of substances in 
the kidneys of dogs <peafic for individuals 
Kntschewski and Schwarzmann,* Witebsky,* and \\itebsk> and 
Okabe * stated that they could show, by using various technics that the 
organ cells have the same group properties as the blood Kntschewsk} 
and Schwarzmann found that suspensions of organ cells (spleen liver 
kidney, etc ) that had been freed of as much blood as possible had the 
power to specifically absorb the isoagglutmins Witebsky and Okabe 
demonstrated the presence of the A factor m alcoholic extracts of the 
organs of uidividuals of group A by means of complement fixation re* 
actions with anti A immune rabbit sera 

According to Semzowa and Terechova,* group-specific substances can 
be demonstrated in the cells of the organs of fetuses after the “^ixih 
month 

*Thom«en lAcla Pathol et ilicrobioS Semd 7 258 (1930)] showed lhat in 
general the tissues of individuals ol subgroup A, hai-e a lesser capacit) to hind 
agglutinins than the tissues of individuals of subgroup A, 

‘Jour Immunol 12 415 (1926) 

'At about the same time ^amakanu [/our Immunol 12 185 (1926)] demon 
'trated the presence of group-<pecific substances in the spermatic fluid. 

* Ztschr f Inmunttats 8 554 (1910-11) 

‘Aim Woch 6 2090 (1927) 7 896 (1928) 

•A/m nock 7 118 (1928) Zlschr / ImmuMlats 49 1 517 (1926-27) 

’ Ztschr } Jmmumtats 52 5j9 (1927) 

•Ikr Zcntralbl f Blutgrupponforjch 2 130(1929) Aim 11 och p 206 (1929) 
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Whether the group-specific substances are present in the placenta is a 
question of special interest V. Ottingen and Witebsky* failed to find 
any specific substances in alcohobc extracts of this organ Subsequent 
workers using varying technics, obtained similar results Reich’® made a 
particularly careful study of this problem, by separating the various 
parts of the placenta He found that the amnion contained the group- 
specific substances of the child, whereas the decidua contained the 
group-specific substances of the mother," the decidua parietalis being 
much richer in group-specific substances than the decidua basahs The 
chorion frondosum, on the other hand, contains no specific substances, 
although richest in blood, and thus constitutes a “neutral zone ” The 
absence of group specific substance from the placental tissues has been 
explained by Schiff and Weiler" as being due to the presence of a blood 
group enzyme capable of destroying the substances A and B (cf page 
286) 

The presence of group specific substances is not a property restricted 
to normal tissues, for, as Thomsen" has shown, the cells of tumors, both 
benign and malignant, have the capacity of specifically absorbing 
agglutinins 

Direct agglutination of cells other than the erythrocytes has not been accom- 
plished \Mth the possible exception of leucocytes Thus Wichels and Lampe’* le 
ported that suspensions of leucocytes from ti^o cases of leukemia were agglutinated 
like the ted blood cells by human anti A serum On the other hand, m a study of the 
leucocytes from fourteen cases of leukemia, Thomsen’^ found that direct agglutina 
tion of these cells could be accomplished only exceptionally, although the cells ab 
sorbed specifically agglutinins against (he factors A and B 

In most of the earlier studies, the presence of group-specific substances in the 
organ cells Mas demonstrated by Ibe absorption technic (cf page 26) A few 
workers, especially ^\ltebsky and bis coHaboiators, employed the complement 
fixation technic by testing alcoholic extracts of the tissues with immune rabbit 
sera produced by injections of human blood This method was applied only to 
the group-specific substance A, bowc\er, becau«e rabbits seldom produce anti B 
sera of high enough titer for such te«ts (cf page 286) As will be pointed out later 
m most individuals (secre(ors) group specific substances are present in the organs 
in a water soluble form and can be demonstrated n isotonic aqueous extracts by the 
‘ inhibition” technic 

The relative quantities of group-specific substances m different or- 

' Munch tned Woch 75: 385 (1928) 

"Ztsekr / Immumlats 77:449 (1932) 

"Rarely the decidua parietalis contained the group-specific substances of the 
child which probably had reached it by diffusion 

"Btochem Zetischr 235 : 454 (193t) 

"Lee ctl , cf Hirszfeld Halber, and La«ko«ski, ZfjcAi' / Immumlats 64* 61 
(1929) 

’•A7m \Voch 7; 1741 (1928) 

"Acta Pathol et 3/icro6«of 5cend 7- 250(1930) 



274 BLOOD GROUPS AXD TRANSFUSION 

gans have been determined by Hirszfeld,’* Schiff ^ and Fnedenreich 
andHarlmann ’’The largest quantities were found in stomach submaxil 
lary gland and pancreas moderate amounts in kidnev , parotid gland 
liver pro tate lungs spleen and m>ocardmm smaller amounts in the 
large intestines and only traces lo the testes In the brain the small 
quantities found are perhaps due to contamination with blood (Schiff) 
Group specific substances ceem to be absent from the lens of the ev e 
hair compact bone cartilage and sLm epithelium 
Group Specific Substances in Body Fluids and Secretions Moss ” and 
Grafe and Graham*’ showed that the blood «serum contains substances 
capable of specifically inhibiting the effect of isohemolysins present in 
fresh normal human •:era eg, the serum of an indmddal of group A 
can prevent the hemolycis of eryihrocvtes of group A bv fresh human 
sera containing the isohemotjsin anit A This phenomenon was attri 
buted by these authors to the pre'^nce m the serum of anti hemol> sms 
Schifr* demonstrated however that the serum contains group speafic 
substances in solution and the observations of the earlier workers can 
be explained more reasonably b> the inhibiting effect of such antigens 
rather than by the action of h>pothettcal antianiibodies Schiff obtained 
an anti A immune rabbit «erum which gave precipitin reactions with 
the sera of individuals of group A and group AB but not with those 
of individuals of groups O and B Aamakami* demonstrated the 
presence of group specific substances in spermatic fluid and m the 
saliva of one individual by means of the inhibition technic Shortly 
thereafter as a result of studies made by Lehrs *' Pulkonen lo'ida 
Schiff*' Thomsen** and others group specific substances were found 
m tears sweat urine digestive juices bile milk pleural pericardial 
and peritoneal fluids and amniotic fluid and aWo in the fluids of hvdro 


"Itirszfeld Halber and Laskow^li Aim flocfi 8 IsSS (1029) 

” Loc at 

’“Zlschr / Immumtats 92 141 (I9JS) 

"•Vosida Ztschr f d ges exp Sled M 331 (1928) Kntsche«‘k> and 
'krhapiro Ztschr J Immumtats 59 264 (1929) 

” Bull Johns Ilophns Hasp 21 63(1910) FolaserolS 26 I19J0» 

” Mw.tfc xf.ti ttMh VI llv 
’‘Khn II ock 3 16 (1924) 

^ Jour Immunol 12 18S (1926) 

^Zlschr J Immumtats 66 1 S (IWO) 

^ Acta Sled Fenn Diodeam A I4 Part 2 (1930) 

"Zlschr j d ges exp Med 63 331 (1928) 

Cber die gruppen'pez fischen ^uinfaiuen d*s mcn'chlicben Korpers Jena 
(1931) 

" Loc ext 
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celes and ovarian cysts On the other hand, these substances could not 
be demonstrated in the cerebrospinal fluid. 

Table 60 gives the approximate relative concentration of group- 
specific substances in various body fluids and secretions and in the 
erythrocytes The high concentration of group-specific substances in 
such secretions as saliva, semen, gastric and duodenal juices, etc , is 
explained by the large quantities present in the cells of glandular tissue. 

Table 60 

Relative Concentratiov of Group SpEaric Substances i*j 
Various Body Fluids 
(After Putlonen) 


Saliva 

125-1024 

Semen 

128-1024 

Amniotic Fluid 

64 256 

Erithrocj tes 

8-32 

Tears 

2 8 

Urine 

2-4 

Cerebrospinal Fluid 

0 


In this connection, Hirszfeld^* states that he could not demonstrate the 
presence of group specific substances in the testes, but found them to 
be present in high concentration in the prostate and he believes that 
the prostatic secretion is the source of the group*specific substances in 
seminal fluid 

SECRETORS AND NON-SECRETORS 

In the first studies on the presence of group-specific substances in 
saliva, variations were noted between different individuals and also in 
the same individual from time to time Subsequent studies have revealed 
that the variations noted in the saliva of one and the same individual 
are due largely to the action of a blood-group enzyme present in normal 
saliva (cf page 286) On the other hand. Lehrs*® and Putkonen** were 
the first to establish the striking fact that the saliva of certain individ- 
uafs of groups A, S and AS contain the corresponcfing group-speciitc 
substances m concentrations much higher than the red blood cells, 
whereas such substances are practically lacking in the saliva of other 
individuals of the same blood groups. Schiff and Sasaki** have desig- 
nated individuals of the former type “secretors;” those of the latter 
type are called "non-secretors ” TTiese authors have shown that group 

’’Cited after Fnedenreich [Zlsekr f Immnmtats 91' 1 (1937)] 

’^Ztsekr f fmmumtals 66’ 175(1930) 

** Ada Med Fenn “Duadeam” A 14, Part 2 (1930) 

^Ztsckr / Immumtats 77' 129 (1932), KJtn ll’ocfi 11: 1426 (1932) 
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0 individuals can be subdivided m a similar manner bv testing their 
saliva with anti 0 sera 

The ability or mabilitj to secrete group specific substances m the 
saliva IS a constant trait of the individual Aloreover Putkonen” and 
Sasaki’* found that when group-specific substances are lacking in the 
cahva of an individual, they are also absent from the other «ecretions, 
such as urine, tears, semen, gastric juice and milk 

The nature of the difference between secretors and non secretors) has 
been clarified by the study of organ extracts Schiff’ succeeded in ex 
tracting the group specific substances in tvvo forms one soluble in 
organic solvents such as alcohol and chloroform the other soluble m 
aqueous solutions According to Fnedenreich and Hartmann’* the*^ 
two forms of the group substances designated as Itpoidal and water 
soluble respectively, give rise to tvvo systems and differences among 
individuals with regard to the water soluble group substances are re 
sponsible for the existence of the secretor and non secretor types of 
Schiff and Sasaki In the cry throcytes and almost all organs of all in 
duiduals whether secretors or non secretors the lipoidal form of the 
group substances is present On the other hand water soluble group 
substances cannot be readily obtained from erythrocytes though they 
can be ea«ily extracted from the tissues of secretors being lacking 
from or present m only small amounts in aqueous organ extracts of 
non secretors The quantities of the water soluble group substances m 
secretors are highest in the glandular organs the concentration in 
different glands paralleling the concentration in the corresponding secre 
tjons (cf figure S7 and table 60) indicating that the group substances 
in secretions are formed m the respective glandular organs and are not 
derived from the blood 

As an example of the independence of the two system^ of group 
substances Fnedenreich” has pointed to the conditions in lower am 
mals In some species, such as horses, guinea pigs and rabbits the 
presence of substances similar to the group substances \ and B can 
be demonstrated in high concentration in the secretions and organs 
while corresponding group substances are entirely lacking from the 
erythrocytes On the other hand, substances related to the group sub 
stance \ are present in sheep ery’throqrtes though lacking from sheep 
organs and secretions 


”Loe cit 

• Ztschr / Immumlals 77 lOl (1932) 

"Ueber die gruppcn-pczifischcn Substanzen des menschltchen Korpers Gu5la\ 
rischer Jena (1931) 

" Zlsc/i'" / Im’nuntlaU 92 141 (iQJSt 
"Ztschr f Immumlals 91 39 (1937) 
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Direct evidence that the two systems of group-substances are dis- 
tinct has been obtained by comparing the serological reactions of the 
group substance A in erythrocytes and secretions. Thus, group A 
saliv a reacts with rabbit immune sera for group A blood less intensely 
than group A erythrocytes, although saliva reacts better than blood 
wth natural human anti-A sera ** 

Heredity oj the Secreting Type. The hereditary nature of the characters 
secretor and non-secretor, was first demonstrated by Schifi and Sasaki 



THE HcrsiAN Body 

(Reproduced from Hartmana, Group Antigens in Human O^ans 1941) 

The aqueous extracts used m the tests were aiJ prepared by the idenlical 
method from equal amounts of tissue The titers are expressed as powers 
of 2, so that the >alue 11 represents titer or about 2000 

In a series of 50 families with 149 children it was found that the ability 
to secrete group-specific substances was transmitted as a simple Men- 
delian dominant In the few additional studies subsequently made, 
there has been no exception to the dominance rule (cf table 61) In 
the families tested by Schiff and Sasaki, the blood of each individual was 
also tested for the agglutinogens A, B, M and N, but no evidence was 
found of linkage between the character “secretor” and any of the 
agglutinogens 


" Fnedenrejcb, Tbyssen and Hartmann, /oar Immutwl 37; 435 (1939), Wiener 
and Kosofsky, /our Immunol 42: 381 (1941) 
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Because oi the»r hereditary nature, the characters 5 and s may find 
application in forensic medicine in paternity disputes (cf page 391) 
Moreover, the traits, S and s, double the number of serological classes 
of human beings so that, together with the characters A,, A?, B, M, N 
and two varieties each of Rh and P, 576 types of individuals are dis 
tingutshable 


TECHNIC 

For distinguishing *ecrelors Xrom non secrcLors the most suitable material is 
saliva It IS easy to oblain and permits of a sharp distinction between the two tvpes 
The saliva is placed at once m boilmg water for 10 to 20 minutes in order to 
inactivate anj enzymes present (cf page 28<5) The coagulum is thrown down by 
centrifugation and the «upcmaiaiit slightly opalescent fluid pipetted off This 
boiled saliva can be stored m the lefngeiator (or a long lime without anv appreciable 
change m activity 

The author collects sahva from newborn infants and very young children as 
follows A thick cotton swab is rubbed over the Door of the mouth until the cotton 
IS saturated The wet cotton swab is then forced into a narrow tub's in order to 
squeeze out the saliva This process is repeated using the same swab until enough 
material (about 5 drops or more) is obtained for the tests 

Foe testing sitiva of groups A B and AB human group A and group B sera arc 
preferable to immune rabbit sera for (he reason already pointed out (cf page 27/) 
For the tests the scrum is diluted so as to contain about 8 units of i«03ggluiinin 
per unit volume Thus a scrum with a liter of 64 tef page 17) would lie diluted 
with about 7 volumes ol saline solution before u<e As a rule better results will lie 
obtained by u<mg high titered sera propcrl) diluted than with low titered undiluted 
sera For uniform results in the tests for (he group-substance A it is neccs<ary to 

Table 61 


Herejjitv of the Secreting Type 


Parental 

Combination 

Number ' 
o( 

Families 

1 Number of Children 

1 

1 » 

Totals 

SXS 

105 

241 1 

1 33 

274 


02 

103 

1 67 

1/0 

sXs 

f8 

0 

1 1 

42 


l| lAa 

l| 344. 

1 142 ! 

l| 486 


S-Secrctor s-Non sccrctor 

This tabic includes 

50 families with 149 children by Schifl and Sasaki (loe at ) 

44 families with tIS children b> Morrjcki {Com^ rend Soe de Bid llS 658 
(1934)1 

32 famiheswithSOchiWrenbyMatsonandBradj {/ottr fniwiiitof 40 445 (1936)1 
18 families with 53 children b> itne Wiener and Fries [ Inn Eiig 7 J63 (1936)1 
and 41 families with 80 children b> Suzuki (/nzeniat Zatshi (japanwe) 41 2594 
(1936)1 
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use consistently standard cells of a single subgroup in the authors experience 
somewhat preferably Ai 

As has Steady been mentioned group 0 individuals can be classified as secretors 
and non •'ecretors with the aid of anti O sera Such reagents are obtained most 
easily bj absorbing selected ox sera with A^B cells Anti 0 sera are inhib ted not 
only by (he saliva from group O secretors but also by saliva from <ecretors of 
groups A B and AB However the distinction be ween the two types secretor 
and non secretor is not as sharp with anti O sera as with group A and group B sera 
The probable reason for this is that the anti 0 sera obtainable are almost im’anably 
of low titer A special anti O scnim obUin-tble only with great difficulty namely 
Eisler s anti dysentery fShigae) immune goat serum (cf page 338) was found by 
SchiS'® to be usable m high dilution and to give a sharp distinction between 
«ecretors and non secretors of group O 

The actual tests can be carried out either qualitatnely or quantitatively The 
results are more readily controlled when the tests arc made quantitatively so that 
this procedure should always be followed m forensic cases However reliable results 
can also be obtained as a rule by (he simpler qualitative procedure which will be 
found satisfactory for less important routine examinations 

Qualitative Tests 

Inasmuch as saliva from non secrelors gives weak inhibition reactions when tested 
m high concentration the saliva should be sufficiently diluted for the tests For 
saliva of groups A B and A6 dilution 1 10 will be found to give satisfactory results 
in tests with anti 0 sera dilution 1 5 is preferable 

The tests for saliva of groups A B or A8 are set up as follows 
Tube (1) 1 drop diluted saliva + I drop diluted A serum 

Tube (2) 1 drop diluted saliva + 1 drop diluted B serum 

Tube (3) 1 drop saline + I drop diluted A serum 

Tube (4) 1 drop saline 4- 1 drop diluted B serum 

After these matures have stood for 10 minutes or longer at room temperature 1 
drop of standard Aj blood suspension is added to tubes (2) and (4) and 1 drop of 
B blood suspension to tubes (I) and (3) The reactions are read after the mixtures 
have stood an hour at room temperature Tubes (3) and (4) ate controls and should 
show agglutination If agglutination occurs in tube (1) but not in tube (2) the 
saliva contains group-substance A agglutination in lube (2) and not in tube (1) 
occurs with saliva from a group B secretor absence of agglutination from both 
tubes (1) and (2) indicates that the individual is a group AB secretor Agglutination 
occurs in both tubes (1) and (2) when the individual belongs to group O or is a 
non secretor The tests to detennme whether group 0 individuals are secretors or 
non secretors are set up in a similar manner using anti O sera and test cells of 
group 0 

For best results with every set up samples of standard saliva should be included 
as controls 

Qmntitatae Tests 

\Vith the quantitative method of ezamiiung secretions the results are more 
reliable While this technic shares all the limitations of serological titrations in 
general if it la carefully earned out consistent results can be obtained Thus 
relatively little variation is ob*er\cd m the concentration of group-sub'tances in the 

“Cf Witebsky and Klend'hoy Jotir Exp lied 73 655 (1941) 

'“Ztschr f Immumtals 82 302 (19341 



THE Imihutive Titfr or hie Saima and the \BSORPnvE liTER OF THE Dlood op V Group H Individual, Using 
I> iFPFRENr Anti It Sera 



N n ■^crum \ #2 is i group \ Mnim of i patinit given 



Table 64 

Pboiocol Illustrating Diagnosis op Secretobs and Non Secretors dv Quantitative Teotnic 
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saliva differ markedlj This is probably Aie mainly to the differences between the 
technic used for blood and for «ab\a absorption and inhibition re«pectivel> and 
in part to the difference in qualitj between the group-substances m blood and saliva. 
4ccordingl> the amounts of group-sub<tance in blood in saliva cannot be compared 
direcllj Table 63 also demonstrates the supenority of high titered sera such as 
serum over sera of low liter Thus while serum gives almo«t normal 
titers when u«ed m dilution 1 4 (corresponding to only 2 units of agglutinin per 
unit volume) the use of such sera is inadvisable because the inhibitive titer in 
creates so much more rapidly than the serum dilution that a relatively small error 
in diluting the cerum could cause a gross error in the titer Apparenilv some sera 
are unsuitable because the agglutinins are not readily absorbable c g scrum ^2 
which came from a patient who had developed potent I'oantibodies as a result of 
injections of horse *erum After a suitable serum has been standardized it can b- 
used with uniform results for several years since the sera remain stable for a long 
time when stored in the refngerator 

The actual tests are set up by mixing a <enes of dilutions of the saliva with (he 
'elected dilution of test serum and then adding the test cell «uspension For 
ordinary purposes a series of doubled dilutions is too cumbersome while dilutions 
bv powers of 10 as recommended by some v orkers are too widtiy spaced In the 
authors experience a senes of eight dilutions by powers of 4 gives satisfactory 
results and by interpolation the end point can ^ obtained to the nearest power 
of 2 For making the saliva dilutions graduated pipettes can be used but this 
method is cumbersome The dilutions are most readily made by counting out drops 
with the aid of a capillary pipette and nipple but unless great care is used in rinsing 
the pipette false high titers will be obtained The following technic has proved 
satisfactory in the authors hands 

A rack containing three rows with 6 tubes in each row is used the first ■> 8 for 
the saliva dilutions the second row A for the diluted test scrum A and he third 
row D for the diluted lest scrum B In the first tube of row 5 is placed the saliva 
10 be tested and the remainder of the tubes in the row are filled with saline One 
starts with the second lube of row S by removing the saline with the capillary 
pipette but from the last pipellefu) 9 drops are counted back into lube ^2 the 
remainder being discarded Then with tbe 'ame pipette 3 drops of the undiluted 
saliva are transferred from tube Si to lube S2 to make dilution 1 4 and 1 drop of 
undiluted saliva is placed in the first lubes of (he 'econd and third rows (Al and 
Bl) The pipette is rinsed by removing the 'aline from lube S3 bul before discard 
ing the last pipetteful 9 drops of saline are counted back into the tube Then 3 
drops of 'aliva dilution 1 4 are transferred from tube S2 to S3 to make saliva 
dilution I 16 and at the same lime I drop each of saliva dilution 1 4 is placed in 
lubes A2 and Bl This process is repeated until rows A and B l>olh contain the 
complete senes of dilutions of saliva (Tbe method outlined gives accurate results 
becau'c the pipette is rin«ed repeatedly with fre'h 'aline rather than with saline 
from a common reservoir) To row A 1 drop of the diluted group A test 'erum 
IS added and to row B I drop of the dilated B scrum After tO minutes or longer 
1 drop of test cells B is added to each tube in row A and 1 drop of test cells A, is 
added to row D Readings are taken after thc'c mixtures have stood for one hour at 
room temperature A sample protocol is given m table 64 

Uy the quantitative technic outlined it is possible to compare the concentration 
of group substances m different 'ecrelion' This has liecn done by Fnedenreich and 
Hartmann ” who obtained complete inhibition with dilutions of gastric juicc up to 


'tschr j Itnmumla!} 92 I4I (193S) 
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I 2‘* saliva diluted 1 2”, semen 1 2*, bile 1 2* urine 1 2, v.hi!e blood serum 
ga\e only partial mhibition esen Tiben tested undiluted The titers just given are 
average values of course since samples of the same *ecretion from different 
individuals give different titers though all the values fall vvitbm a narrow range It 
should be mentioned that with gastric juice which gives the highest titers significant 
inhibition (titers up to 2*) are also obtained with material from non secrelors 



a. b c d e f I 

O A A AB AB 8 | 


Fig 58 Demonstratios or Presence or A Substance iv Saliva b\ 
pREciriTATroN Technic 
(After Scbiff) 

Saliva from indivnduals of various blood groups (diluted I 100) were 
layered over immune «erum anti A White rings were formed with 
saliva specimens 'd anh d conXaimng property h V'secretors ') ^ing 
formation is absent not only with saliva of group O and group B but 
also with specimens of non secictors (c and e) 


An alternative method of differentiating «ecretors and non secretois is to mix 
the undiluted testing serum directly with an equal volume of the undiluted boiled 
saliva and then to compare the titer of the serum treated in this way with that of 
the serum mixed with an equal volume of saline This was the method used by 
the earlier investigators The method while simpler does not differentiate seereloTS 
and non secretors as sharply 

Preaptltn Test for Group^abslmces As has already been mentioned Schifif sue 
ceeded m demonstrating the presence of the group substance A m secretions and 
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body fluidi from «ecrelors of groups A and AB by dsrecl piecipatalmn For this 
purpose It IS nece'sary to have available potent anti A immune rabbit sera These 
«era are used und luted mtbout preliminary absorption to remove the species 
agglutinins In the tests the boiled saliva in suitable dilution eg 1 10 or other 
<ecretion is carefullj lajered over the immune «cnim preferably for purposes of 
economy in capillary lubes The re«ulls of such tests are illustrated in figure 58 
This technic is not suitable for general use because of the difficulty of obtaining 
the 'era particularly sufficiently potent anti B sera U>ejama^‘ found a chicken 
serum containing natural anti B antibodies of exceedingly high titer that could be 
used for demonstrating the group-substance B by the precipitin method 

Ujeyama has reported the presence in about 16 per cent of normal fowl sera of 
precipitms for saliva from non secretors and not reacting with «aliv3 from 'ecretors 
Moreover Uyeyama slated that by injecting rabbits with saliva from group A 
'ecretors he obtained immune sera containing A antibodies which after absorption 
with group A blood lost, ihtjr activity (or group A erythrocytes but still preci 
pitaled A secrctor but not A non 'ccretor *aliva 

BLOOD GROUP EVZVVIES 

Schiff and Akune” found that solutions of group specific substances 
and secretions lose their group specific properties if incubated with 
saliva or suspensions of feces from normal human beings or lower am 
mals due to the action of a special enzyme (Schiff and Weiler'") 
Schtff s* observation that some strains of gas bacillu& of Frankel and 
Welch have the capacity to destroy blood group substances mav have 
some bearing on the presence of the enz>me in stool filtrates 

Blood group enzymes are present in the <aUva of seerctors as well as non- 
secretors Aside from temporary changes correlated with the intake of food etc 
there are distinct and persistent differences between individuals with regard to the 
quantity of the'e enzymes m the «a1iv3 None of the known bacteria in ihe mouth 
has been implicated as the source of the blood group enzymes in saliva and Schiff 
and Buron^® have reported some obscn'ations which indicate that the enayme pos 
'ibly derives from the glandular cells 

STUDIES ON THE CHEMICAL NVTURE OF GROUP SPECIFIC SUBSTANCES 
For studies on the chemical nature of the group substances two sorts 
of material are available, the substances estractable by organic solvents 
from the erythrocytes and organs of all human beings and the group 
substances in secretions anfi aqueous urgm Tfv\Tat.\s sftcitkvws As, 
has already been mentioned the two 'sorts of group substance differ 
somewhat m their serologic behavior, and this most likely would de 


•'Jap Jour \fed Sa Part M! Soe Mtd PfUyi 3 13 (1540) 

“ Munch mrd 11 och p 657 (1931) 
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Ztschr / Immumtats 76 159 (1932) 

"him Woch 14 730(1935) 

“Matson and Brady Jour Jmmtmed 30 44S (1536) 

"A/m JJoch 14 710 (1935) 
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pend on a corresponding difference m chemical constitution On the 
other hand, the group specificity shared by the two sorts of material 
indicates the presence in their molecules of identical or closely related 
structures 

The fact that the agglutinogens A and B of human erythrocytes have 
the power of engendering antibodies might lead one to conclude that 
they are protein in nature, based on the view held for a long time that 
only proteins can take part in immunological reactions It is now known 
that the injection of substances of simple chemical structure in com 
bination with foreign protein (Landsteiner*®) can stimulate the forma 
tion of antibodies and these are capable of reacting with the simple 
substances themselves Moreover, substances of carbohydrate nature 
have been prepared from bacteria which not only react with the corre 
spending specific immune serum but under special conditions induce the 
formation of immune antibodies without the aid of proteins, and carbo 
hydrate lipoid complcAes have been isolated which exhibit full antigenic 
capacity From observations to be described presently one may assume 
that the antigenic power of the agglutinogens A and B as they exist 
m the red blood cells depends upon their association with proteins m 
the cells 

The first observation pertaining to the chemical nature of the group 
specific substances proper was the discovery that these substances could 
be extracted from the red blood cells and organ cells with alcohol “ 

The «olubiIity of the froup-specific substances m alcohol has been taken as 
evidence of their lipid nature and placed them id the same category as a group of 
«erolog9ca1]> active substances commonly regarded as lipids, for example the 
Forssman substance and the so called Wassermann antigen The Forssman antigen 
IS characlerued by its capacity to incite the formation of sheep cell ly’^ms v^hen 
injected into suitable animals (rabbits) It is widely distributed occurring in sheep 
erythrocytes (he organs of cettam animals such as horses and guinea pigs certain 
strains of ba tena etc It is of special mlerest m the present connection because of 
its leiationship to the human agglutinogen A (cf page 31) Landsteiner*® and 
others found that alcoholic extracts of (he Forssman antigen had the power of 
reacting with coriesponding iimirone sera m flocculation and complement fixation 
fesfs aftiiougfi the extracts ffiemsefves iudliitie or no antigenic poner Itfien mixed 
with proteins such as human or pig serum the alcoholic extracts became antigenic 
Such substances which by themselves have no full antigenic power though they 
have the capacitj of reacting with specific immune sera have been termed haptens 
by Landsteiner the group-specific substances m alcoholic extracts belonging to thi« 
category ** 

**LaDd5teiner The Specificity of Seriflogical Reactions C C Thomas ‘Spring 
field III (1936) 

* Schiff and Adelsberger ZenirtJbl Bakfertol / Orig 93 172 (1924) Land 

Steiner and van der ^cheer Jour ExP Ued 41 427 (1923) 

" Biochem Ztschr 93 106 (1919) 104 280(1920) 

"Landstetner and van der Schcer he at , Witebsky, Ztsebr f tmmunUati 48 
369 (1926), «i)id 49 1,517(1927) 
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The studies on the chemical nature of the Forssman antigen are of interest here 
because of the relationship alreadj referred to svhich exists between this antigen 
and the agglutinogen Landsteiner and Le\enc** «ucceeded in isolating highly 
active preparations from horse kidn^s (giving complement fixation reactions with 
heterogenetic immune sera up to a dilution of 1 to 20 000 000) soluble m water 
but not in alcohol On h)drol>si» reduang substances corresponding m amount to 
28 per cent as glucose and fatty aods were obtained On account of the high 
carbohydrate content of their preparations and the demonstration by Heidelberger 
and A\erj~® and others that the specific reactions of many bacteria depend upon 
haptens consisting of pol> saccharides Landsteiner and Levene suggested that the 
^eafic portion of the Forssman antigen was also of carbohjdrate nature Strongly 
in favor of this conclusion is the isolation from certain bactena of polysaccharides 
with the characteristic properties of the Forssman hapten*® The most thoroughly 
studied of these preparations is a carefully punfied polysaccharide obtained by 
Morgan from Shiga dysentery bacilli *’ 

The chemical nature of the Forssman hapten present in horse kidney has been 
studed extensively by Brunius®* Purified extracts of this hapten did not react 
with Forssman antisera but were activated by the addition of non specific hpids 
as had been observed previously by Land»teiner and Levene” By suitable ex 
traction Brunius succeeded m enhancing the punty of the hapten from 4000 to 
30 000 times calculated on the basis of fresh horse kidney The purified extracts 
Were resistant to proteolylic eneymes gave a negative biuret reaction and on 
hydrolysis yielded reducing sugars and fatty acids Brunius findings indicate that 
hexosamine m acetylated form is an intrinsic constituent of the F hapten molecule 
Finally inactivation of (he substance by diaxomethanc suggests the importance of 
acid groupings (carboxyl) for the immunological potency of the F hapten 

Active aqueous extracts of group specific substances were obtained 
from human erythrocytes (also from O blood) by Hallauer,** after 
preliminarj treatment of the cells or stromata with alcohol whereas on 
direct extraction with water only small quantities pass into solution 
The preparations gave reactions for carbohydrates Thus the group 
sipeafic substances extractable from human red cells with alcohol mav 
well be analogous in their composition to the Forssman hapten dis 
cussed above, and may contain the specific portion m combination with 
lipids 

The occurrence of group specific substances in water soluble form 
in secretions suggested their use for chemical studies Of special advan 
tage for this purpose because of the hrge quantities available ire other 


"Jour Immunol 14 81 (1927) Proe Soc Exp Bwl and Med 24 693 (192 ) 
"Jour Exp Med 38 73 (1923) 40 301 (1924) 

"Landsteiner and Levine Jour Jmmmol 22 li (1932) 

"Morgan Btockem Jour 30 909 (1936) 

"Brunius Chemtea! Studies on the True Forssman Hapten the Corresponding 
Antibody and Their Interaction Stockholm (1936) 

"Jour Immunol 14 81 (1927) 

"Zlsehr / Immmitats 83 114 (1934) Cf Kossjakow and Tribulew Ztschr 
j Immumtats 98 26 (1940), Kossjakow, Z/icAr / Immumtals 99 221 (1941) 
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matenah particularly commercial hog pepsin which have been found 
to be rich in A substance Brahn, SchifF and Weinman®* separated an 
active substance from pepsin {l/20(>r still reacted with anti A immune 
sera), readily soluble m water, insoluble m alcohol and containing 5 5 
per cent N On hydrolysis it Yielded reducing sugars From horse saliva 
and from commercial preparations of pig pepsin, Landsteiner and 
Chase * isolated a highly active substance (quantities of the order 
0005 to 00025^ being detectable), containing a considerable amount 
of glucosamine and galactose but no fatty acids ** From recent work of 
Landsteiner*® the substance appears to contain ammo acids, probably 
as an essential component 

In evaluating the reports }ust described concerning the chemical nature of the 
group-substances m pepsin and horse saliva as well as the more recent reports re 
Mewed below on the group substances in human «ecrctiQDS some comments made 
by Wiener and Kosofsky*^ should be mentioned Tliese authors point out that the 
degree of punfication of preparations of group substances can be measured with 
the aid of the quantitative inhibition lest and in fact unless such control tests 
are made the chemical And ngs are of doubtful value For example boiled saliva 
contains about 0 5 per cent of solid matter so that one drop as used m the tests 
would contain 0 2S mg of solid of which only a small proportion is the group 
substance itself Since the group-substances in saliva can easily he detected in 
dilutions as high as 1 2** as little as of the imp«r« group substance from saliva 
can be identified As has ahead) been mentioned the group-substances isolated 
from pig pepsin and horse saliva b) Landsteiner®* were detectable in quantities as 
minute as 1/2000; by inhibition of isoagglutmation If one can assume that the 
conditions in horse and human saliva are comparable then the preparations obtained 
by Landsteiner were roughly 200 times as pure as the solids m boiled human saliva 
Incidentally by the very sensitive technic suggested by Schiff for testing for 
group-substance A namely inhibition of sheep cell lysms of anti A immune rabbit 
sera Landsteiner found a 1 per cent solution of the purified substance to be 500 
times as active as the original horse sabva an increase m activity of about 250 
tunes A liter of saliva containing 5 grams of «ol»d would be expected to contain 
1/2S0 X 5000 or 20 mg of the purified substance as only 5 mg was obtained the 
yield was approximately 25 per cent 

For studies on the chemical nature of the group substances Freudenberg Eichel 
and Dirscberl®* first used human unne as the source because of its easy availability 
However tbs has the disadvantage that the amount of group-substance m urine 

* Schiff and Weiler Biochem Zlschr Z35 454 (1931) 

*‘Kltt Moch 11 1592 (1932) Schiff Deulsch med 11 ocA 59 199 (1933) 
"Landsteiner 5«eKce 76 351 (1932) Jour Ezp Med BS 185 (1936) 

" Landsteiner and Chase Jour Exp Med 63 813 (1936) 

“Cf Freudenberg \\ estphal and Gracnewoud Aotuniur 33 S22 (1936) 
“Landsteiner and Harte Jour ExH Med 71 SSI (1940) Cf Landsteiner and 
Harle Jour Biol Chem 140 6"3 (W-tl) Goebel etal Jour Biol Chem 129 4SS 
(1939) 

Jour Jmmnttol 41 413 (1941) 

*Jour Exp Med 63 185 (1936) 

"Aatiincisj 20 6s7 (1932) 
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IS 'mall Ihe average inhibition tiler for unne being 2* m contrast (o a liter of 2” 
for saliva (cf page 285) Accordingly even assuming a 100 per cent >neld 250 liters 
of urine would provide onI> about 5 to 10 mg of the purified substance Con 5 equentl> 
It IS not surprising that Freudenberg and his collaborators®** subsequentlj obtained 
far more active preparations when they u«ed commercial pepsin as the starling ma 
lenal than the> had obtained from unne On the other hand Fnedenreich and Hart 
mann^® report much higher tilers for gastic juice ( 2 «* 10 2*®) than for saliva (average 
about 2”) This suggests the u«e of gastnc juice as a starting material and W itebskj 
and Klendshoj’* have obtained active preparations m this v.a> 

Landsteiner and Harte ' studied the chemical nature of group 
substances from human saliva of secrelors of groups A and B and O 
The heated saliva was first evaporated to small volume at room lem 
perature, freed of coagulable material and purified by repeated pre 
cipitation by alcohol from acid solution and re solution m water From 
500 cc of saliva were obtained 15 mg of material, soluble in water 
to form a viscous solution and possessing at least 40 limes the activity 
of the total solids of saliva (a yield of about 25 per cent) \ 1 per 
cent solution of the purified substance gave no precipitation with picric 
sulfosalicylic and trichloracetic acids and basic lead sulfate the Millon 
reaction, Ehrlich lest for tryptophane and lead test for sulfur were 
negative, the xanthoproteic and biuret tests faintly positive The re 
suits of the chemical analysts” were as follows 


Sub 

stance 

Total N 

\mino 
acid N 

Hevos 
amine N 

llexos 

amine 

Reducing 
sugar as 
glucose 

j Ash 

\ 

5 65 

2 48 

1 81 

23 3 

1 45 5 

0 /6 

B 1 

5 33 

' 2 35 

I 71 

21 7 

48 5 , 

1 0 90 

0 

5 74 

2 91 

1 68 

21 S 

1 46 5 1 

1 91 


Landstemer and Harte pointed out that thus far no chemical differences 
have been found to explain the serological specificity since the analyt 
ical differences in the table are not significant Studies on gastric juice 
from non secretors have been earned out by Wilebsky and Klend:^hoJ * 
who extracted from these secretions polysaccharides of similar chemi 
cal structure to those present m the gastnc juice of secretors 

•‘Freudenberg et al (footnote 6a) Freudenberg and Weslphat SK ungsbtr 
lletdelberger Akad II mensch tnalh naiarwusetiKh hlasse 193S 1 Albandl 
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'Jour Exp Med 72 663 (1940) 

"Jour Dwl Chem 140 673 (1941) 

"Cf Landsteiner and Harte Jour Exp Ved 71 551 (1940) 

' Jour ExP Med 73 6j5 (1941) 
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^\lteb5ky and Klendshoj ha\e also studied the reactions with anti 0 sera of 
group-substances extracted from gastnc juice of secretors These workers report 
that such preparations regardless of blood group all inhibit anti 0 sera about 
equallj well while preparations from non secretors have no such action The fact 
that also preparations from gastric juice of group AB secretors react with anti-O 
sera may have some bearing on the nature of the reactions of human eiythrocj tes 
of various groups with anti O sera As Witebsky and KJendsho^ point out their 
results indicate that the reactions of the erythrocytes may not be due as believ ed 
by Thomsen to the presence of a separate O substance m bloods of group A and 
group B (cf page 204) based on heterozjgosity (genotypes AO and BO) because 
under this assumption secretions from group AB individuals should not react with 
anti O sera 

Additional evidence with regard to the cbeimcal nature of the group specific 
substances derives from their specific decomposition by certain bacteria Thus 
Landsteiner and Chase ® showed that the activity of the A haptens is destrojed 
by Alorgans mj-xobactenum and Saccharobactenum oiale microorganisms having 
the characteristic property of decomposing bacleriaf polysaccharides According 
to Freudenherg and Eichel the «pec/fic substance is <plit by snad enrymes 

Reports by Jorpes’® roust also ^ mentioned in which the protein nature of the 
substances from human unne which neutralize anti A iso agglutinins is suggested 

Summarizing the available evidence just presented onema> assume 
that the structures responsible for the specificity of the blood group 
substances consist in part of carbohydrates, and that they occur in blood 
and organ cells in association with hpids to form alcohol soluble com 
plexes The lipids do not appear to be essential for the specificity, since 
fatty acids could not be recovered on hydrolysis of A substances present 
in horse saliva or pepsin 

Chemical information concerning the properties of M and N is lacking due (o 
the fact that no method i$ yet known for extracting these substances from the red 
blood cells Like the agglutinogens A and B the agglutmog*ns M and N are located 
m the stromata of the red blood cells and ate resistant to heating and drying 

Aritfiaal Antigens with Group Specific Action In recent experiments 
"Morgan*® has succeeded in preparing artificial antigens with A specific 
ity By fractional precipitation of 90 per cent phenol solutions of 
commercial pepsin or gastric mucin he first obtained non antigenic 
polysaccharides with pronounced A specificity This he combined with 
the ‘ conjugated protein component ’ of the specific somatic antigen 
of B dysentenae (Shiga**) to produce a powerful antigen which when 

"Rroc Soc Exp Biol and iled 32 713 1208 (1935) Chase Jour Baclerwt 
36 383 (1938) 

” Morgan and Thaysen ttalure 132 6(M (1933) 
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”Cf Bojd Jour Immunol 27 48a (1934) 

*' Chemistry and Industry 60 722 (1941) 
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injected into selected rabbits (cf page 339) m doses of onl> 0 5 mg 
induced the formation of potent anti A agglutinins This antigen, more 
over, had the advantage that it did not stimulate the formation of anti 
human species antibodies, so that group A cells were agglutinated bv 
dilutions of the serum as high as and higher than 1 10,000, while B 
cells were not agglutinated by diluuons higher than the level for 
normal rabbit sera (average 1 12) Accordingly, Morgan considers 


Table 65 

Serologic Relationship Between the Homan AccLirriNocEN B and as 
AcoLimNOCEV Present in Rabbit Erytheocytes 
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such sera valuable for typing, especially for detecting weak A agglutino 
gens as in A,B and A« bloods 

The antigen eomplex was formed either hy precipitating the mixed components 
by alcohol from formanude solution** or by mixing alliabne saline solutions (pH 8 9) 
of the tno componeots and subsequently adjusting the pH to 4 5 

ON THE SrOSAIC STRUCTUItr Of THE ACCLLTLNOCENS \ AND B 

Several investigations have revealed that cell antigens behave lil>e a mosaic when 
they are tested with different immune sera. For example it has been demonstrated 
that the agglutinogen A gives at least two distmet sorts of reactions one of which 
IS shared by the Forssman antigen (F*) and the other pccubar to human A blood 
(cf page 51) 

Similarly human B agglutinogen exhibits several distinct serological proper 
ties (cf page 340) designated as B, B,, B i, rcspcctnel) the first 

characteristic exclusively of human B blood and the others also found in the 
blood of certain lower ammals As Friedenreich and Rlth” have shown the 

“Partridge and Morgan Bnl Jour Exp Path 21 180 (1940) 

“‘The designation B, B,,. B„„etc for the partial antigens of agglutinogen 
B has been adopted here m accot^nte wUh Bo>d s suggestion ^Tabulae Bwloitcae 
17 113 (1939)] instead of the designation B„ B, B, etc , proposed by Frieden 
reich, in order to avoid confusion with possible subdivisions in group B (cf page 
218) 
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p agglutinins in many human group A sera can be completely absorbed by small 
quantities of rabbit blood as well as human B blood HDsse\er other group A sera 
cannot be exhausted e%en by large quantities of rabbit blood (cf table 65) This 
IS explained by assuming that certain human A sera contain agglutinin alone 
which can be absorbed by either rabbit or human B blood whereas other group A 
«era contain both agglutinins p, and Immune rabbit sera against human B blood 
contain agglutinin alone and testing Ouids prepared from such immune sera react 
only with human B blood and not with animal blood On the other hand chicken 
immune sera** against human B blood seem to contain only agglutinin p , 

Afention should also be made of a certain serological property common to blood 
cells containing agglutinogens A and B but absent from blood cells of group 0 
Thus Hooter and Anderson** were the first to notice that when certain anti B 
immune rabbit sera are absorbed with group 0 blood they still strongly agglutinate 
not only B blood but also A blood Analogous results have been obtained with 
particular anti A immune sera.** Since a special agglutinin has been found to be 
present in the'^e immune sera which is absorbable by bloods A B and AB but not 
blooda of group 0 some workers have assumed the existence of a corresponding 
agglutinogen C m bloods of groups A B and AB and absent from group O blood 
For reasons pointed out below a more likely mferpretation is that the group- 
substances A and B have certain similarities in their chemical structure that are not 
shared with group-substance O 

The phenomeni which have just been described have usually been accepted 
simply as evidence for the presence of a multiplicity of discrete agglutinogens in a 
single cell However there is also the possibility that the reactions ate due to 
different groupings m a single molecule and it has even been shown that the forma 
tion of multiple antibodies can be stimulated by substances m which the eastence 
of distinct determinant groups can be excluded*’ As Landsteiner remarks the 
Mendelian segregation of serological blood properties (not only ABM and N 
but also the many individual properties which have been discovered in animal 
blood) could not be understood without postulating discrete chemical substances 
On the other hand failure of segregation for examine of the so-called agglutinogens 
A and F* of human group A blood (be antigens Bt B,t B ,, of human B blood 
and the so called agglutinogen C m bloods of groups A B and AB favors the alterna 
live explanation ** 

THE OCCURRENCE OF ISOAGGLUTININS OUTSIDE THE BLOOD SERUM 

The general properties of the human isoagglutimns are not different 
from those of other agglutinins Like other antibodies they are found in 
the globulin fraction of the serum Accordingly, one would expect to find 
isoagglutimns only in those body fluids which are rich in protein Thus, 

“Cf Landsteiner and 3\itt Jour Immunol 11 221 (1926) 

'^Jour Immunol & 419 (1921) 

“Landsteiner and Witt loc cit Hibjjio /» enivai Zosih (Japanese) 40 4002 
(1035) 

“Cf Landsteiner [Specificity of Serdogicol Reactions pp 60 72 (1936)] where 
these questions are discussed at length Also see Hooker [Jour Immunol 33 
5 (1937)] and ^forg3n [/onr Hyg 37 J’Z (1937)] 

“ Fnedenreich [Ada Pol/i et Microbtol Scand ‘JuppI 37 163 (1939)] remarks 
(hat he also is inclined to regard (he different B characters as chemically related 
substances m the sense suggested by Laodstemer 
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the isoagglutmins can be demonstrated in milk,*® lymph, exudates 
transudates, the contents of cysts,** etc , although the tiler, as a rule, is 
much lower than the titer of the isoagglutmins in the blood serum There 
are only traces of isoagglutmins, if any, m the saliva, tears, or spermatic 
fluid ®' No isoagglutmins are demonstrable m urine, cerebrospinal fluid 
or ammotic fluid They may be present in urine, however, under path 
ological conditions when the urine contains large amounts of protein 

TESTS FOR SPECIFIC SUBSTANCES OTHER THAN A AND B IN TISSUES 
AND SECRETIONS 

In contrast to A and B, the properties M and N appear to be re 
sincled to the erythrocytes in normal individuals Thus Sa<;aki*’ and 
others** found that saliva does not possess the ability to inhibit the 
agglutinins for M or N, even in individuals secreting large quantities 
of A and B substances In addition ihe properties M and N could not 
be detected in aqueous or alcoholic extracts** of normal tissues or in 
spermatozoa * Zacho,** however, was able to demonstrate specific m 
hibitson for M and N with saline extracts of malignant tumors 
Judging from the reactions of saliva* ** and semen ** it would appear 
that the factor Rh, like M and N is restricted to the blood cells an 
observation of significance in relation to the etiology of er> throblastosis 
foetalis (cf page 369) The author** has also found that saliva lacks 
the ability to inhibit the irregular isoagglutinm anti P Boiled saliva 
can therefore be used for neutralizing the isoagglutmins a and 3 to 
human sera coniaming irregular isoagglulimns for P, Rh, M and pos 
sibly other factors, and m that way facilitates the use of such sera for 
diagnostic tests (cf page 247) 
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CHAPTER XVIII 

ANTHROPOLOGICAL INVESTIGATIONS ON THE 
BLOOD GROUPS 

B\ MEANS of serological tests the proteins and cells of animals of any 
species can be differentiated is a rule, from those of animals belonging 
to other species On the other hand attempts to produce sera which 
would serve to differentiate bloods of different races particularly in 
the human species have been unsuccessful 
Agglutinogens of human blood so far discovered are not restricted to 
any race and consequently the presence or absence of any of the agglu 
tmogens in a given blood specimen cannot be used as evidence that the 
blood came from an individual of a given race However the study of 
the agglutinogens in the bloods of large groups of individuals has shown 
that their frequency distrtbiUton vanes in different races 
Racial Distribution of the Blood Groups The first studies on the racial 
distribution of the blood groups were made by L andH Hirszfeld' dur 
mg World War I These workers had the opportunity, as army physi 
Clans to test blood samples of soldiers and civilians of different races 
concentrated in the Balkans They examined >00 to lOOD individuals of 
each nationality and found that the frequencies of the four groups 
varied in the different peoples and were related to a certain extent to 
the geographic locations of their countries The Hirszfelds reported 
these results in graphic form as shown m figure 59 A detailed analysis 
of their data in connection with the theories of heredity of the blood 
groups has been given m tables 21 and 22 

The Hirszfelds pointed out that Ihe frequency of the agglutinogen A decreases 
from west to east while the frequency of agglutinogen B increases They also found 
that the 16 peoples studied could roughly be subdivided into three groups on the 
basis of the relative frequenc) of the factors A and B The ratio of A to B was 
called the biochemical index and was calculated by dividing the sum of the fre 
quencies of groups A and AB by the corresponding sum for groups B and AB 
A+AB 
' ' * B+AB 

On this basis three types were distinguished a European with an index of 
2 5 or more an intermediate type witb an index of 1 2 to 1 S and an Asia African 
type with an index of 1 0 or less In subsequent studies transitions between these 
tj’pes were found so that no sharp divisions really exist 

Various authors have suggested other indices to express the serological compo- 
sition of races Since indices of Ibis nature which attempt to express the distribution 

'Lancet 2 675 (1919) 

295 
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of the blood groups m terms of a single number gise an incomplete picture they 
should be discarded. Thus the biochemical race index of the HinzfcJds tvouJd not 



Fio 59 DtsTRiBimos or the Acciutisocens A axd B 
(After H and L Hirszfeld) 


(fifferenttate tno races having the same refatne frequencies of (he factors A and 
B although the frequencies of the four groups didercd widely in the tno races 
as in tbe follow mg example 


Table 66 


, 1 
Race 

Per Cent of Croup> ' 

Index 




0 

j A 1 B 1 AB 


Caucasians 

31 9 , 

•10 0 1 23 1 i 5 0 

1 6 

Indians, Peru 

73 I 1 

14 1 1 7 2 1 36 , 



The reason for this is that tbe distnbution of the groups m a population is de 
termined only if t«0 independent figures arc given Thus the group distribution may 
be calculated if one kno«s the frequencies of two of the three genes (cf page 186) 
since they are connected by the relation p + q + r = I 

During the past 15 to 20 years studies ha\e been made on the dislri 
button of the Wood groups in practically e^e^y race in the v,orld Hun 
dreds o( in\ estigations of this sort ha\e been made, a selection of which 
IS listed in table 67 In cases where «e\eral studies had been made on 
the same population thoe results were 'elected which include the 
largest number of individuals For example only the more representa 
tive of the many studies made uj Gentianj are given Because of the 
large number of investigators who took part m this work, the technic 
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Table 67 


Racial DisTRiBimoH oe the Blood Groups* 


Nuionil ty 

Invesugaton 

of 

j Per Cent of Gr 

u. 




Tested 

O 

A 

B 

AB 




Abyssiaian 

Umbel 


41 8 

26 5 

IS 2 

S 5 

17 5 

16 8 

65 4 

Aidu Hidala 

Cro\e and h>monuya 


IT € 

31 ( 

32 i 

18 i 

29 i 

30 1 

41 3 

Aiou Hjdaka 

Aral 


16 9 

31 ; 

52 9 

15 5 

29 1 

29 5 

41 0 

AiDM 

b^hi 


$2 1 

24 ( 

52 2 

S t 

16 5 

21 6 


Ajnu Kaufulo 

Aral 


33 3 

28 t 

26 2 

11 6 

22 1 

20 2 

57 7 

A BU Piraton 

Grove 


11 6 

29 3 

34 1 

25 0 

31 4 

32 1 

34 I 

Amu Toliachi 

Aral 


27 6 

47 5 

18 7 

1 

55 1 

15 5 

52 5 

Albanians (Sicdy) 

>1 icoletu 


32 8 

43 0 

13 2 

6 0 

27 9 

10 2 

61 4 

Amancan Indians 










Araucanos (CbiU) 

Onetto-CesUBo 


25 6 

IT 2 

2 

6 

5 

7 

86 9 

ArgcnUna 

Maaza and Franb 

Si 

<2 9 

12 8 

3 

0 

2 

2 

91 0 

Blacktaet and Blood 
Snbts {vat) 

XIatson and Schrader 
ilabsMi LevuM 
Schrader 

394 

22 8 

26 7 

0 

0 

54 4 

5 

45 5 

Bntisb CnlumBia 

Cates and Darby 

300 

86 7 

12 2 

6 

0 

6 

3 

93 1 

Caraja 

Golden 


39 0 

0 

31 0 

0 

0 

54 0 

62 0 

Platbeada (Montina) 

\(ataen and Scbiader 

33« 

51 5 

42 2 

2 

6 

25 0 

3 

n 8 

Blnican 

Moss and kennedy 

33S 

59 3 

22 ) 

U 8 

9 

16 0 

1 

26 8 


Allen and Eocberr 

622 


30 6 

2 

0 


1 

85 3 

Savajo 


SIJ 

TO i 

28 6 

3 

1 

15 5 

8 

84 2 

Papaso 

Bceazeale Greene and 
Eaptoc 

600 

*3 8 

2 

00 

0 

1 

0 

96 9 

Peru (pure) 

LaretU 

200 

100 0 

0 

0 

0 

0 

0 

too 0 

Peru (half hieeda) 


I 322 

25 1 

14 1 

2 

3 6 


t 

86 7 

Puebla (Ecfcsenl 

Allen and ScbacSer 

353 

<8 0 

11 2 

0 

0 3 

6 1 

0 I 

93 8 

Pueblo (N if ) 

Allen and Scbaeffer 

302 

8< 3 

13 3 

I 6 

0 $ 



92 0 


ifitaon 

260 

68 1 

29 0 

2 

0 2 


1 s 

82 S 

US 

Coca end Dt berc 

862 

ft 7 

20 2 

2 1 

0 0 

10 2 


88 0 

US (pure) 

<nyder 

<53 

91 3 


I 3 

0 0 


0 5 

93 3 

Vte 

Macsun and Sebradee 

138 

97 4 

2 < 

0 0 

00 


00 

94 T 

Vucaua (pure) 


223 

92 7 

1 3 

0 5 

0 5 

1 0 

0 5 

98 

iuraUa 

Afoss and Kennedy 

734 

7< 6 

IS 7 

3 4 

1 4 

ID 3 

3 t 

is 

Asnamese 

L aird H llirsfeld 

500 

4> 0 

32 1 

34 4 

2 2 


19 S 

SI 











(Be»nit> 

Parr 

2M 

3J g 

36 8 

18 1 

10 8 


16 0 

« 

Arabsv Christian (Bnrut) 

Parr 

W5 

3o 1 

44 0 

11 2 

9 5 


11 0 

59 

Arabs (Syria) 

Altcnuyao 

W3 

33 2 

32 0 

20 a 

6 5 


14 8 


Arabs Cytenaica 

Tcdeschi Medidb 
hlaazola Toddia 

2 912 

44 0 

S3 0 

17 2 

4 1 

21 8 

12 2 

66 

Arabs (Baghdad) 

Boyd and Boyd 

SOO 

34 1 

30 8 

28 9 

6 2 

22 9 



Argentinians 

£spe}o SaU 

434 

49 8 

39 2 

2 8 




(Buenos Aires) 
Argentmeans (Buenos 












634 

49 0 








Altounyan 

633 

22 0 

S3 0 

14 0 

6 0 

56 8 

10 6 

51 0 

Armenians Tiflia 


308 

33 8 

49 0 

10 1 






Parr 

1.536 

28 3 

46 7 

12 6 

12 4 


15 4 

55 2 



669 

30 8 

53 8 

10 3 

5 1 


8 6 


Assyrians 

Parr 

U9 

32 1 

43 6 

14 6 

9 4 

31 6 



Australun abongmes 

ClcUnd 

398 

is 9 

66 1 

0 0 





Austrahan abongmes 










(fuZhbloDded) 


805 

33 1 



0 0 




Australuns (QueensUndi 

Lee 

377 

60 3 

31 7 

6 4 

1 6 





• For fcikiweaphy tu Boyd i Blcoi CrtnH ITthiUc Buitttet* 17 P«rt 2 (1PJ9); »iso rtlttaxa tleodoi 
ehtptee 
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Table 67 (Coniwutti) 


Kiuoniljl, 

Investigators 

of 

Per Cent of Croup 






Tested 

O 

A 

B 

AB 




(«idiiey) 

‘^hiploa 

JOO 







64 8 



I.OM 







Bastu (S Atncal 

Pijper 

•OS 







72 9 

lUnlu 

Ehison Dew 

5 OOO 







fiasbkin 

\agner 

U5 

24 t 






51 7 

Basques (San '^buuanl 

Bo)-d and Inaar 

ir* 

54 S 






75 4 

Beilama ‘'ynan 

Boyd and Boyd 

sot 

J* 8 

25 4 

50 2 


14 4 


Bedoma (rear Baghdad) 

fUytsi, Buyd and Boy< 

Jis 

40 • 







Be^guns 

Siaqnn 

1,6-1 

47 * 


i 





Belgtaai (Liter) 

klourrau 

1 SM 








GelgiaQ Conga 

Abr 

Jailin 


40 4 

58 5 

17 0 





BaWa 

Jadin 

111 

Si 1 

24 0 

18 7 


14 1 


*7 9 

Batne 










Pjgwin (CK speech) 


I.0J2 

50 4 

50 5 

29 1 

10 0 

22 7 

21 9 




I.OU 


55 9 

28 1 

9 

17 J 

22 2 


Berbers {Morocco) 


4 *47 

J» 1 




IS 2 



Berbers (Tatntu) 


son 








Brahmanif^onokromo 

jari) 

Guiueg 

si 

57 S 

22 4 

51 0 

7 8 

14 0 

21 0 


Braziluiu (^o Paulo) 

Bier and \(achado 

4 ODO 

47 . 


9 1 

2 4 

14 1 

6 4 

49 1 

Uraail (irbiin) Pan 

Ahen Athar 

174 

50 0 

29 5 

11 8 



to 9 


ISruil So Ftulo 

Lrlivre 

147 

44 0 

ta n 

11 0 

1 0 

11 0 

9 S 

4? 8 

liugmcM Celebn 

Lehnann 

J|7 

54 4 

30 4 

27 6 

4 

11 1 

19 4 

58 8 

Bulgarwns 

L end n It rsalcU 

SM 

59 0 

40 4 

14 2 

4 2 

17 1 

10 8 

42 4 

BulgaruBS Sofia 

Seiaow aed Zonlschew 

1 000 

50« 

41 a 

14 5 

8 1 

51 4 

15 2 

$5 5 

Bujganaaf bofla 

Caaev 

4 040 

32 1 

44 1 

IS 4 

8 1 

so 8 

12 5 

54 7 

fiunau (eutem) 

Zhinkin 

1 140 

24 4 

22 5 

40 0 

II 5 

IS 4 

50 1 

51 4 

Guruta (wertern) 

Melkikh 

1 401 


20 9 


8 5 

|5 8 

24 4 

57 8 

Bush in ta 

Pyper 

415 

S4 1 

29 4 

• 8 

4 8 

20 2 

74 

74 9 

Canliins 

ZotoUrew 


59 1 

31 0 

21 0 


20 4 

14 2 

61 

(Platan* 

Cnlols and Korg 

1 000 

41 7 

48 0 

8 2 


21 4 

5 4 

41 1 

Caucasus eastern 
Kakheuolsi nriflu) 

^inrtiskays el al 

1 1-4 

54 8 

42 3 

IS 0 

59 

28 5 

II 5 

40 

kartabnUi CTlflis) 

Seraeoskaya et ■) 

4 14S 

40 4 

42 2 

12 1 

5 1 

27 J 

a 9 

45 1 

Caucasus oeslrrn 
Adaharlsi (Tifiis) 

‘^mroskaya etiL 

107 

S4I 

34 4 

4 i 

0 4 

|9 8 

5 8 

76 9 

(/untai (Ti/Iis) 

Semenskaya et a* 

1 SIS 

58 4 

50 0 

9 4 

1 8 

1’ 4 

4 0 

<6 4 

Imcntmt (Tifiis) 

^meoskaya et al 

1.914 

52 0 

54 8 

10 7 

2 5 

21 1 

7 1 

72 

SlmgrelUi fTrflu) 

^menikaya el al 

1 141 

58 4 

30 7 

8 0 

2 7 

I7 9 

S 1 

74 

Chileans 

Meaa <t al 

241 

52 9 

12 8 

52 4 

1 7 


18 9 


Chinese Hunan 

Li-Chi Pan 

1 500 

51 5 

38 1 

20 7 

9 9 

2 9 

16 7 

55 

Chinese Peking 

Liu Dang 

1 OOO 

500 

25 0 

35 0 

ID 0 

20 0 



Chuiese Susiaua 

Dais and ) erhorl 

5*1 

40 2 

25 0 

27 4 

* 2 

If 1 

19 5 

65 

Oimese. Canton 

Portnaanf 

1 000 

45 5 

22 4 

25 0 

4 1 

14 0 


6 


kJogFung Min 

5 414 

38 4 

59 3 

23 4 

78 

21 1 

14 9 

42 

Chinese hhans)a1«jng 

Curran Bosennw aod 

t.OOO 

52 5 

22 2 

34 0 

il 3 

18 4 

26 0 

57 

Chinese (Formosa) 

hang Fung Min 

2,127 

51 2 

50 8 

2< 7 

• 5 




Chuc-aU 

llKhaewsky 

951 

32 4 

24 3 

34 8 

6 5 



S. 

Lzechi (Bratislava) 

Ttokan 

t.m 

12 8 

51 T 




8 0 

55 

Caeeba (Brno) 

Suk 

3 010 


44 0 



3) 7 


IJihur {Manchufii) 

EuniJtisa and Makino 

$9} 

17% 

29 9 





91 

Dane* 

Hansen 

1,000 


■’* 





^Z- 
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Table 67 {Continued) 




of 

PwCeot 

of Croup 


— 




Tested 

O 

A 






Daoes Copenhageo 

Thomsen 

l.f$I 

44 1 

43 1 

S 3 


27 6 


66 4 

Danes Copenhagen 

^and Musck.and 

1.759 

42 8 

42 4 

11 3 


26 3 

7 8 


Danes 

AD authors combined 
(after Slreng) 

16.037 

42 0 

43 6 

10 4 

3 9 

27 6 

7 5 

64 8 

Douuet fTunisia) 

CaiBon and Disdiet 

3« 

5S J 

^ 6 

r. 

1 f 

f« r 

4 7 

76 4 

Draie (Beyioutfi, Sy*ial 

Parr 

729 

33 2 

36 2 

IS s 

12 2 

25 7 

14 1 

57 6 

Dutch 

V Herverden 

6.679 

46 8 

41 7 

* A 


25 3 

6 0 

68 S 

Dutch, S Ainca 

Puper 

596 

4S 8 

39 6 

1] 9 

2 7 

24 0 

7 6 

67 8 

Dutch 

Ml authors combined 
(after Streng) 

M.4*J 

46 3 

42 t 

8 5 

3 I 

26 0 


68 0 

Egyptians 

Shousha 

417 

24 2 

32 6 

29 2 

13 9 

27 0 


49 2 

Egypt 

Alexandria 

Parthesiades 

460 

30 4 

48 7 

14 1 

6 7 

33 8 

11 6 

55 3 

Copts (Auiutl 

So)d and Boyd 

419 

24 6 

34 4 

31 0 

10 0 

27 2 

23 0 


Copt* 

Jfohamm 

( 47<l 

3/ i 

33 9 


iOS 

U ! 

ts S 

Si 9 

Moslems (Caieo) 

MatU 

7,4 

26 6 

35 a 

27 I 

10 $ 

27 4 

21 7 

51 6 

Moslems (Cairo) 

Boj-d and Boyd 

SOI 

27 3 

38 4 

25 3 

8 8 

28 $ 

20 3 

52 3 

Esgisnd {£ Counties) 

Penrose and Penrose 

l.OOO 

43 2 

47 7 

6 4 

2 7 

29 8 

4 8 

65 8 

England (North) 

Taylor and Prior 

412 

47 9 

42 4 


1 4 

25 0 


69 2 

English, Sheikley 

Thomas and Hewitt 

900 

42 f 

43 8 


4 0 

27 8 

74 

64 9 

English, Slough 

\ aughin 

4 032 

49 8 

39 3 

8 3 

2 6 

23 8 

5 6 

70 6 

English London 

turwan— Taylor 

500 

40 4 

46 8 

9 6 

3 2 

29 3 

6 7 

63 6 

English, Livctpool 

Jones and Glynn 

1.600 

46 0 

30 0 

17 0 

7 0 

20 S 

12 8 

67 7 

English, Australia 

Tebbut 

I.U6 

52 6 

36 8 


3 0 

22 S 

3 5 

72 6 

EsUmof, pure 
(East GrtenUad) 

rabneiuvHansen 

S69 

23 9 

56 2 

n 2 

.1 

40 6 

10 6 

48 9 

Eiliiinos (Baffin Land] 

Heinbtecker and Pauli 

166 

5$ 4 

43 6 

0 6 

0 6 

23 2 

0 6 

74 4 

Eskimoa (VSest Green 
land) 

Ba) Scbinidt 

201 

41 1 

S3 8 

3 5 

, 4 

33 2 

2 3 

64 t 

Esljtnos (Jocohshji <a 
GteenUnd) 

Freuchen 

3t0 

«, 

47 1 

7 3 

2 1 

28 7 

4 8 

6S 9 

Eskimos (Cspe Vorfc 

Heinbrccket and Paub 

121 

80 7 

12 9 

1 

0 

8 9 


89 8 

Eskimos (SW Green 

Fabnous-Hansen 

1,063 

36 3 

$4 6 

3 

7 

35 1 

4 3 

60 3 

Eslimos (Cape Farewell 
Greenland) 

Bay-Srmth 

607 

SI 2 

38 3 

4 8 

2 0 

22 3 

3 6 

7» 2 

Estonia (Central and 
South) 

Rooks 

l,S44 

32 3 

36 6 

22 4 

7 

26 I 

17 0 

37 0 

Estonia (North) 

Raukas-Poska 

(49 

34 2 

33 3 

26 2 

3 

23 7 

19 2 

58 5 

rdipinos Igorot 


214 

51 6 

21 4 

21 4 

5 6 

IS 2 

IS 2 

71 0 

fUipiacs Sama) Mwos 

CfO»e 

501 

25 9 

IS 1 

44 9 

11 1 

16 0 

33 8 

49 3 

FiUpinoj Negntos 

Grove 

297 

48 4 

33 3 

14 1 

4 0 

20 9 

9 6 

69 6 

Filipinos Bogobo 

Grove 

302 

33 r 

16 » 

26 3 

9 

10 5 

16 1 

73 2 

FQipinos, Sulu 

Grove 

442 

4t 6 

23 0 

30 3 


15 2 

19 6 

64 5 


Cabrera and t\ ade 

204 

64 7 

14 7 

19 6 

1 0 

8 2 

10 9 

SO 4 

f inns Euimsb speaViog 
Uusunaa, Tuthu-Parl 
mme\t3ta Ahve 

All authors combined 
(alter Streng) 

23.300 

34 1 

41 0 

18 0 

69 

27 9 

13 4 

58 7 

%'Spun MikteU Kus- 
pio Oulu Lappi 


11 330 

29 7 

44 2 

is I 

.. 

31 1 

14 1 

54 8 

Finns Suedish-speaking 


(.254 

35 2 

43 3 

16 2 

53 

25 6 

II 5 

59 9 

F ormosan, Paiwan 

Xorido 

335 

42 4 

IS 2 

32 2 

7 2 

12 8 

21 3 

65 1 



Formosaet Ami KinhiraioaiUka 

Formouos Ami Kinhara indlUku 

Fominsanadrom Fulicn) I uruicbl 
French Z.aivdH IlmaitU 

French kotsovitch 

French Parr 

French (Abace} Groolen and Kosiovitcb 

French CLiIIe) Farjut I 

FrenchlNorth] Balgairei and ChnsHaenl 

Georgians (Tidis) Iloyd and Boyd 

Germans Berbn Schid 

Germans Cologne \Mechmann and Paal 

Germans Daniig T\agser and kruse 

Cermant Uuisberg Rinkel 

Germans Erlangen Kruse 

Germans Essen Levenoghaos 

Germans rnnklurt 
a hf FUcher 

Germans Uipaig Cled alter Arnold 

German! MQnich Kruse 

Cetmani <laaony Chnstunsen 

Cermani Sckleavig llol 
fleui Cundcl 

Germans, ^^0'llemt>er| Mayxr 
Cermani (Cennany) All authors cembioed 

(after Streng) 

Cermani TAnsbruck noUer 

Cermaai Kiel Cundcl 

Cermaas Auiina, 

Cermana (kniina) All authors eombtncil 

(alter Strong) 

Cermana (SmtaerlanJ) All authors combined 

(alter *tr»ag) 

Germans Silma CrBlschel 

Giliaks KIshi 

Ccceka I. and U Ilirsarcld 

Greeks Kumsris 

Greeks Athens Diamoaloupolis 

Crusenes Vmensksya 

Gypsies (Hungary) Clrtner 

Gypsies (Hungary) V Friar and tt essecsky 

Cypsjea (Hungary) llesch 

Gypsies (k cHVoiIina) *kbmilt 

Haitians Santo Domingo Moss and Kenneily 

Hindua " bonh U and I( KiraaleU 

**Hindus ” South Baiaand ^cThoef 

‘Hmdua'* hialone and Lahiri 

Hottentota, Pretoria PljpeT 

Hungaruns Kisi 

Himganans Debrecen \(rcar and kteaucsky 

Hungaruns, Budapest )\eiUner 

Hungarians (Budapest) Lensrt and Lal^s 

Hangsruni (Bratislava) Trokan 

Hungariani (Dudar) llehely 

llongarlana (Muresch) Itamneantzu 

Hungaruns (Ofenpest) Kiss 
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Tabl£ 67 (Continued) 


>pat;oi)aljty 

Investigators 

Ktusbca 

of 

Per Cent of Group 

> 





Tested 

0 

A 

B 

AB 





Jonsson 

800 

5a 7 

3? 1 

6 

6 

19 3 

3 

74 6 

Indiaf 










Rajput (Indo-Aryan) 

Malone and Lahin 

188 

28 8 

28 0 

33 0 

10 2 

21 7 

25 0 

55 7 

Malmbya (Budge 










Budge, Bengal) 

Macfarlane 

160 

32 5 

20 0 

39 3 

1 

15 4 

2 8 

57 1 

"Dfavjdjans” 
fifunda Saotal 










and Araon) 

llalone and Lahm 

589 

23 3 

27 5 

36 8 

11 4 

21 8 

28 0 

49 3 

Bhil (Central prov 










inc«) 

Maclarlaoe 

ito 

18 6 

23 6 

41 4 

16 3 

21 8 


33 1 

Faniya ns 

Aiyappan 

250 

20 0 

62 4 

6 

10 0 

46 1 

■E 

31 7 

KamkVar 

Rarunakaran 

211 

51 2 

18 5 

29 9 

5 

12 0 

18 5 

71 S 

Angaou 'tagas 










(Assam) 

Mitn 

16S 

46 t 

38 8 

11 S 

6 

23 2 

1 

68 0 

Flaissmen (Assam) 


2,000 

53 1 

24 6 

52 5 

2 

IS 3 

22 5 

58 2 

Malayati flower 










CocbjD) 

Macfarbne 

260 


29 3 

J6 I 

6 5 

15 6 

10 8 

69 6 

Todi 

Pandit 

200 

29 5 

19 5 

38 0 

15 7 

15 7 

27 8 

53 S 

tBdxhtBS 










Uiat 

fannaud 

690 

26 7 

28 6 

52 5 

12 S 

22 r 

2a i 

3( r 

FbnoDis 


599 

26 3 

27 1 

35 J 

15 5 

21 8 

25 8 

51 5 



508 

23 2 

29 5 

35 6 

11 6 

23 4 

28 S 

48 2 

Inrfocbma (Seith) 
Aflnanuies 

NtameSe tod Oeaacier 

1.261 

41 2 

]9 8 

25 9 

, , 

7« 5 

30 0 

665 

Muongi 


506 

37 4 

21 7 

31 0 

6 9 

17 3 

21 2 

61 2 

Tho 


512 

45 3 

20 3 

29 9 

4 5 

13 3 

19 0 

67 5 

(fldonesis 










Calela 

Btilmer 

408 

57 0 

24 0 

15 0 

4 0 

14 5 

9 4 

75 6 

ToUlo 

Bijlmer 

450 

SI 0 

27 0 

18 7 

3 5 

16 9 

12 1 

71 4 

IraniansCn Samarkand) 

Libmaa 

500 

30 6 

31 8 

31 6 

6 0 

23 7 

23 5 

55 3 

Irish (Dublin) 

Sachs 

2.«5 

53 6 

32 4 

n 5 

2 5 

19 5 

} 3 

75 3 

Irish (North) 

Taylor 

354 

'8 $ 

27 7 

12 1 

1 7 

16 0 

7 2 

76 5 

Insh (Dublin) 

Boyd and Boyd 

599 

SI 2 

31 1 

12 0 

1 7 

18 6 

7 6 

74 4 

Ittiuas (all) 

After Lattes 

11,157 

41 2 

59 4 


5 4 

25 r 

ro s 

64 2 

Italians Iisrthetn am 










Central 

(Tsreaty sit authors) 

11,227 

42 0 

43 4 


4 0 

27 5 

7 7 

63 8 

Italians Sicily 


1,100 

33 I 

34 9 

in 

4 9 

22 6 

n 9 

65 7 

Italians (Sjssan Sar 










dmia) 


968 

49 8 

26 4 

18 9 

4 9 

16 7 

12 3 

■ 0 5 

Italians {W Sardinia) 


500 

56 6 

33 4 

8 8 

1 2 

19 7 

S 7 

75 3 

Japanese On Japan) 
Distnct Ou 

After Forubaca 

All authors combined 
(1916-1933) 

23,672 

31 1 

36 7 

22 7 

9 5 

26 6 

17 6 

55 7 

District Kwanto 


49,7« 

30 S 

37 T 

22 I 

9 T 

27 3 

17 i 


District Kokunku 


36,600 

31 3 

36 6 

22 3 

9 6 

26 6 

17 4 

56 0 

District ToUi 


33.831 

31 2 

38 4 

21 8 

8 6 

27 4 

16 8 

55 

Distnct Rinkai 


33,369 

30 5 

38 3 

21 T 

9 5 

27 7 

IT 0 

55 

District CbugoI.li 


23,152 

28 4 

40 6 

2l 6 

9 4 

29 3 

17 2 

35 

Distnct Shikoku 


18.583 

29 0 

40 8 

21 3 

8 9 

29 3 

16 8 

53 

Distnct Kyushu 


63,608 

30 4 

38 7 

21 5 

9 3 

28 0 

16 9 

55 

Distnct Hokkaido 


<.360 

51 2 

56 0 

22 5 

9 9 

26 2 

1? 5 

56 

Japanese (outside Japan 












3 SSI 

35 0 

34 7 

22 4 

7 9 

24 3 

16 6 

59 

Dairen 


3.906 

26 9 

40 8 

21 6 

10 6 

50 4 

ir 7 

it 


t \ lietailetl study of tbis beUroscpeotis ynHipof peoples has bem made by ^laefarlaDe {four Geo 16 225 
(1938), dwee Jnr Pijt Anlinp 28 397 {t9<nL 
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Table 67 {Cenhuned) 


of Group 

B I A8 I 


JivaocM 

Mod|owftroo 

bimpit 

Javtone (Sourabaja) 
J«« Dui£h 
Jots Polish 
Join Jtounwuan 
Jcira Macedonun 
Jnrs Ruaaiao CXlaaa 
Jews Aihkaaaaim (Ttl 
Anv Pakalist) 

Jm Vernon Ici 
kalnucki 

EirghU 

Karetfts Oou 


V llerwerdait 
Bilbot mil tfjrdlanlii 

L. and II RinafoU 


}9 I 3 i 22 t 10 1 27 S If J S< S 

2 StT » « « J 2S 0 * J 24 0 22 1 53 » 

30! ?50 MS 3* 2 21 9 0 « 27 6 17 I S5 2 

I «6 OT * 25 T 29 0 5 4 17 I 19 1 fcj 0 


1 126 J7 2 24 4 32 

012 3t 7 23 2 31 

2U SJ 6 22 S 17 

f 3 3S 2 20 S 35 

01 42 < 39 4 U 

til 33 I 41 5 17 

1 135 31 2 39 0 17 

500 31 1 33 0 23 

■ 47S 31 6 41 7 15 


Litbouu (kaonaa) 

UadigaicaCLf 

ifaoan (lutadjn) 

bfalayi (CaleUa) 

31anchu Ifgkdni 

Ifancbu 

Sian 

SlalanesiaBi, >fw Cu 

Uclancau 

Ambon 

Alixna (Ceram) 
Lomma (Panlar Is ) 
“Papuaiu'’ (N Biak) 
“Papuans" <S 
Soepuri) 

Slelanesians New Cu 


Alt aathan ronbuol 
Caliu Funibau) 
«cb«l 
twltinatin 
MohUea 

Jurgel uoasand Kaaeas- 
berg 

Zilinaka ud blaiaUkia 
L. tad n {tirtaleld 

Lcbmann 

Rinbara tad Halo 
Fukamacbl 


I 500 31 0 41 I It 

I 000 56 0 21 I tl 

214 25 7 22 9 40 

731 31 4 29 1 30 

914 31 1 24 0 31 

911 21 3 32 7 32 

9 434 27 7 31 5 30 

404 21 9 12 6 4 

t ttO 3* 1 51 2 2t 

200 39 0 40 0 It 

1 512 34 1 40 0 >9 

2 452 40 I 34 I 2D 

500 45 5 26 3 23 

•40 3! 5 43 1 tl 

412 31 1 30 2 29 

356 30 9 25 9 33 

190 26 7 26 6 31 

190 22 22 7 3 


I 471 53 9 20 9 20 

65 It 0 42 0 17 

199 51 9 30 6 it 


Ilejrln and Uwptiy 753 53 7 26 1 16 

After FuruhaU 3 101 4t « 311 !1 

TtUsaks 143 52 2 21 0 16 

CallmiiadDlsdier 500 tl 4 3' 4 15 


63 2$ 3 12 2 61 a 

3 0 21 3 15 3 12 3 

6 1 27 1 11 3 60 5 

It 21 3 13 9 51 3 

11 IS 7 10 I 74 1 

10 1 II 7 30 2 » 1 

II 19 5 20 3 tl 7 

9 17 4 22 0 60 1 

IS 23 5 23 2 It 4 

10 0 27 9 23 I 52 6 

3 9 42 0 4 5 S3 9 

6 9 It 6 57 6 5 1 

30 24 5 III 62 S 
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Per Cent oC Group 


Nrprws IfiddJe Congo 
Negroes nest Africa 
Negroes Noftli America 

Negroes Senegal 
Negroes (N \ City 
DS^) 

Negroids fTums) 

Sonregisos 

Norwegians 

Norwegiins (N Oslo) 
Orroko Karafuto 
Ossets Caucasus 
Penruaks 
Poles 

Poles narsaw 
Polynesians 

Samoa 

TaSiti 

Tuamotus 

Portoguese 

Portspiese 

Koumaoiias nollacb a 
Rouaaaiass, Ttanty N 

Rouman ans K eUacbia 
Roamaniass iloldavia 
Rmuss Ifoseow 
Russians Leruagrad 
Ruesians Odessa 
Raas ana, Tomsk 
Xuasiasa Tula 

Russians Eun^eao 
Russuns As atK 
Russians 

Saxons Tran^lvaiua 

‘wouh 

Senegalese 

R-nN- 

^rbs (Yugoslavia) 

Serbs Bttscbka 
^Im aks 

Spnnisb Madrid 
'panish 

Sganisfi (Barcekina] 


Niassians 


L edc and Poiaraki 
Lewis and Henderson 

Sd^i 

L and H HiraafeM 

Lasdatetaer and Lcvwi 
Ctillon and Disdier 
Jenrll 

Haitmano and Bjeike- 

Klshi 

Jossifow 

Perm 

Halber and Nfydlanki 
AraseUnd Halber 

Nigg 

Stepheuoa 

Sbapiro 

Sbaptro 


Popovleiu 

Avde <>a and Gneevtcaj 

CrusduH 

Leltsrbik 

Wagner 
Ken koa 

^lelkicb and Cnogot 

Rubashkin 

Rubasbius 

AI) authors cosibtoed 
(after Streng) 

Alexander 

Juliea 

C xaa'fC AlrsiakiV 

Sebsudt 

Schmidt 

Trokan 

De Koyos Sa nx 
Dunn Jorda 

ifaastasd and 

Jobannsen and van 
Beukenng 
Jfaasland 

Hdfman and kfaasUnd 
van Lelyvtld 
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SwabUoi Banal 

Svedn 

Sitedca 

Swedes, Stockholm 


Tus(iu E'enki 
Tunggs (\raa«h«aa’) 
Turkey (Itcaabul) 
Turkey YDrUk {anma la! 
TutkomaBS Taik«\ati 
Turks kfaeedonia 
Ukri niani Rhersoa 
Ckraiausi Kiev 

Ukrainuni Charkow 

United Stain 
US \rw\ork 
U S Oetroii MkH 
U,S RiKheilcr SI ns 
US Brooklyn and New 
kerk 

US luh 

Uibek Chuvash AS SR 
Uabeka Turkesun 
kkelsb 

Uoliaki (Hans) 

VSSK 

'^•ouaka <nDnat 


and JoBsson 

Lieugme and Cnudel 
Boyd and Boyd 
Tarr 
Besaiedin 

Schvara and \ieinao< 
viuksya 
Petroff 
Tennant 
Staclarlane 
ercboem 
Vishnevsky 
Kuiutuaaand Makino 

Minkiewiet 
L indK llmtell 
Schmk 

TKherkassow Denassi 
Ataeln 

Keeker Karetkin 
Rosenberf 

Tiber 

Culpepper and Ablnon 
Sand lord 

VV lener et at. 

SlaUon and Schrader 
Vuhncssky ct at 
MinksewKS 
Boyd and Boyd 


were excluded which failed to satisfy the Bernstein equation For con 
venience of reference the results are arranged alphabetically according 
to the nationalities 

When comparing the distribution of the blood groups in two difterenl popula 
lions, It roust be remembered that, of course, the reliability of the statistics depends 
upon the number of individuals examined TTie formula for the probable error of a 
frequency is given on page 170 For convenience a table of probable errors is given 
here (cf table 68) 
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'Hie probable error pnncjple is api^ied as follows Suppose that (be distnbulion of 
the blood groups is being studied in two different races tbe sample of the population 
examined in each case consisting of 100 individuals In one sample the frequency 

Table 68 


PaoBABLE Ebkors (Per Cent) 


Size of 
Sample 

Observed Frequencies (Per Cent) 

' 10 or 90 

1 20 or 80 

30 or 70 I 

40 or 60 

50 

100 

2 02 

j 2 69 

3 09 ' 

3 31 

3 37 

200 

1 43 

I 91 

2 19 ' 

2 34 

2 38 

300 

1 17 

1 56 

1 78 , 

1 92 1 

1 95 

400 1 

1 01 

1 35 

1 59 

1 65 

1 68 

500 ! 

0 91 

1 21 

1 38 ' 

1 49 1 

I 52 

750 

0 74 

0 99 

1 14 1 

1 20 1 

1 23 

1 000 

0 64 

0 85 

0 98 

1 Os . 

1 07 

1 500 

0 52 ' 

0 69 

0 80 

0 85 ' 

0 87 

2 000 

0 45 1 

0 60 

0 69 ! 

0 73 1 

0 75 

3 000 

0 37 

0 49 

0 57 1 

0 60 1 

0 62 

S 000 

0 29 

0 39 

0 44 

0 47 1 

0 4S 

10 000 

0 20 

0 27 

0 31 ! 

0 32 1 

0 33 

20 000 

0 14 

0 19 

0 22 1 

0 23 1 

0 23 


of group 0 IS found (o be SO per cent and in (he other 60 per cent and it is de 
sired to know whether tbe difference of 10 per cent is significant If the probable 
errors (equal to and respectively) of two independent observed frequencies 
are known the probable error of the difference between the observed frequencies 
IS calculated as follows ^ 


In the present case 


^,=3 37 percent 
/i»*3 31 per cent 
o that ^ 4 $2 per cent 
. Dev 10 


Since Ibe dsMatwn is Jess than three limes tbe probable error it need not be sig 
nificant (cf page 170) On the other hand if the siae of each of the samples ex 
amined was 400 individuals a deviation of 10 per cent would be considered sig 
nificant since the probable errors would be half as large In this case 

PE. 24 


The most striking way to show the relation of the various races to 
one another with respect to the blood groups is to plot the frequencies 


’See Pearl Medical Biometrics and SiatuUcs 370 pp IV B Saunders Co 
fl927) Kel)e> Stalisticdl Method US ^ Macmillan Co New York (1924) etc 
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of the genes on a graph For the reason pointed out abo\ e, only the fre 
quencies of tv.o of the genes need be plotted Thus, the frequencies of 
the gene A (p) and gene B (g) for the \anous races can be represented 
b> points on a plane by rectangular coordinates 

The same principle has been conveniently applied bv dividing a plane 
into squares, each square having sides five units in length (Snyder’) 
Populations falling nithin the same square are listed together The data 
of table 67 are presented in this graphic manner m table 69 The rela 
tionships of the races to one another are then readilj recognized It must 
be remembered, hovrever, that the differences may be appreciably 
smaller between two races in adjacent rectangles than between two races 
m the same one, because of the comparatively large size of the reclan 
gles If it IS desired to determine whether or not two populations differ 
<iignificanlly in their serological constitution, it will be necessary to com 
pare the differences between the group frequencies with their probable 
errors 

A rather neat way of representing the distribution of the blood groups 
m a population has been suggested by Slreng,* by applying the theorem 
that m an equilateral triangle, the sum of the distances of any point 
within the triangle from the three sides is equal to the altitude If the 
length of the altitude is taken equal to unity (or 100 per cent) and the 



V, p 59 (1950) 
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three distances equal to p, q, and r, respectively, then or 

100 per cent This method has the advantage that the frequencies of 
all three genes are represented 

The theorem upon which Strengs method is based is proved as follows If AB 
BC and CA are the sides of an equilateral tmn^e (cf fig 60) and if the sin^« 
of the angles which are of course each equal to 60", ate represented by s then 
since the altitude is taken equal m length to unity 

ABs=riCs*^=»l 
Through F dran line I>E parallel to BC 
Then ADEA is an equilateral tnangle 
Draw DO perpendicular to BC 
Then DG=*A=CDs 

4*“DFs 
and r=EFs 

tf+e*(I5F+TE>s«^s-»As 
and />+?+r»(^+‘BA)s*»'^s 
80 that ^+j4-r»l 

Streng has pointed out that this principle may also be applied by 
representing the altitudes of the equilateral tnangle bv three lines (each 
measuring 100 units in length) intersecting one another at 60^ angles to 
form a system of three coordinate axes The point of intersection of 
these lines need not be fixed, provided that the sum of the distances of 
this point from the ends of the axes IS equal to 100 (cf fig 61) By thus 
shifting the axes a particular area on the plane can be more conven 
lently represented A similar procedure can also be used of course with 
rectangular coordinates The graphic representation is not fundimen 
tally different with rectangular and triangular coordinates, but the for 
mer may be preferable because of their greater simplicity 

Ottenberg* proposed tbat on (be basis of (be frequencies of (he propcr(jes O A 
and B six mam racial types couM be dis(inguisbed listed m table 70 According (o 


Table 70 



T>pes 

; 0 1 

A 

B 

I 

European 

39 i 

43 

12 

n 

Intermediate (Arabs, Turks Russians etc ) 

40 ' 

33 

20 

III 

Hunan (Japan South China Hungary, etc ) 

28 

39 

19 

i\ 

Hindo Manchu (Korea, North China, Gypsies 
Hindus) 1 

30 

19 

39 

\ 

Afro South Asiatic (Negroes, Madagascans Ma 
laj ans) ' 

42 

24 

28 

VI 

Pacifico American (Indians, Australians Fill ; 
pinos Icelanders) ' 

67 

29 

3 


'Jour Amer ifed Assoc 84 IJ9S (1925) 
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Fig 61 Serological Cosiposmos or Many or the Peoples or the Uorlo 
(Reprc'cnted by Means of Trangular Coordinates) 


Snjder, the Pacifico American Ijpe should be subdivided and the Australians placed 
in a separate tjpe. Obviously, the subdiviaion of races into t>pes by this or an> 
similar method is arbitrary 

The application of blood grouping in anthropology is based upon the 
hereditarj’ nature of the blood groups, and the fact that there can be 
no conscious selection of mates dependent upon the blood groups After 
the population has reached equilibrium, therefore, the proportions of 
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the blood groups remain constant from generation to generation, pro- 
vided there is no crossing with other peoples As an illustration of this 
principle may be cited the observations of Verzar and Weszeczky.® 
These workers studied the distribution of the blood groups in g 3 ^sies 
(cf table 71) who had originally lived in India, and then migrated to 
Hungary where they lived for several hundred years It can be seen that 
the serological composition of the gypsies does not differ significantly 
from that of the natives of India, although it differs greatly from that 
of the Hungarians among whom Aey lived. This confirms the observa- 


Table 71 

iLLUSTRATtSCTHE COVSTANCV OP THE DlSTRlBUTlOV OP THeBLOOD GrOUPS IV THE 

Absence op Racial Admixture 


Race 

Number 

of 


Per Cent 

m Group 


0 

A 

B 

' AB 


Persons 

Gypsies (m Hun 






gary) 

' 385 

34 2±1 6 

21 1 + 1 4 

38 4±1 4 

8 S±1 0 

Hindus 

j 1000 

31 3 + 1 0 

19 0±0 8 

41 2±1 1 

1 8 S±0 S 

Difference 


2 9±1 9 

1 21+16 

2 8±1 8 

1 0 0±l 1 

Hungarians ^ 

1500 

31 0±0 8 

1 38 0+0 9 

18 8±0 7 

1 12 2±0 6 

Difference 1 


3 2±1 8 

16 9±1 7 

19 6±1 6 ' 

1 3 7±1 2 

German (Colonies in 
Hungary) 

Germans (Heidel 

476 

40 8 + 1 S 

43 S + 1 5 

1 12 6±1 0 ' 

1 

3 1±0 5 

berg) 

500 

40 0 + 1 5 

43 0±1 5 

12 0±1 0 , 

5 0 + 0 7 

Difference 


0 8±2 1 1 

0 5±2 1 

0 6±1 4 

1 9±0 8 

Hungarians 

1500 

31 OiO 8 1 

38 0 ±0 9 , 

18 8±D 7 

12 2+0 6 

Difference 


9 8±1 7 ' 

5 5 + 1 8 

6 2±1 3 

9 1±0 8 


tion that little intermarriage took place between the gypsies in Hungary 
afsi <3thec races Vcrrar snd IVeszeczJLy aisc stcc^hd the dcstributien 
of the blood groups among German coionies in Hungary, started by 
German settlers who migrated into that country at the beginning of the 
eighteenth century These people, who retained their original language 
and customs, still have the blood group distribution of the German 
people 

The effect of racial crossing on the distribution of the blood groups in 
the American Indians is illustrated in table 72. Similarly, the Jamaicans, 
ivho have undergone frequent crossing with white peoples, exhibit a 


* Biochem Ztschr 126: 33 (1921) 
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Fic 62 DrAGRA\uiAT{c Represestatiov or Mixture o? Races 
IV Strenc's Truncix 
(After Berestein) 


Table 72 


Craped Series SHOw^vG toe Effect or Crossing on toe 
Pboportiovs or the Groups 
(Alter Snjdcr) 



Number 

1 Per Cent in Group 





Studied 

1 ® 

A 

B 

1 




Indians supposed to. 
be pure 

453 

i , 

91 3 

7 7 

I 0 

1 

1 0 0 

3 9 

1 

1 0 5 

9S 5 

All Indians (miied 
and pure) 

1134 

1 79 1 

16 4 

3 4 

1 0 9 

9 2 

. 2 3 

8S 9 

Indians knonn to be 
mixed 1 

409 

64 8 

25 6 

7 1 

2 4 

IS 3 

4 9 

80 5 

Americans (\\ hite) I 

1 1000 

45 0 

, 42 0 

1 10 0 

3 0 

25 8 

6 7 

67 1 
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blood group distribution definitely nearer to that of the whites than the 
Yoruba, a tribe in southern Nigeria from which the Jamaican arose In 
Berlin and Leipzig the frequenty of gene B is higher than in the western 
part of Germany because of the larger Slav element Wiechmann and 
Paal’ found that the frequencies of the blood groups differed in Cologne 
and the adjacent country, and they attributed this to the more frequent 
mixing of races in large cities 

Scattered groups of the same people may show statistically significant 
and even wide variations in the distributions of the blood groups The 
Polynesians and Filipinos, groups of whom are located on different 
islands, illustrate this point very uell This apparent anomaly has been 
explained by the effect of isolation and intermarriage between close 
blood relations 



Gkaded Sewes op Ixpwvs Whites op T>»BtE 72 

Bemslem* has poinled out that if it is known that a certain population has re- 
sulted from crosses between two races it is possible to predict the blood group 
frequencies m this population if tbe blood group frequencies in the original races 
are knowTi and jf the proportion of bdividuals of each race that entered the cross 
IS known This is done as follows If P and Q are points on a plane representing 
the blood group compositions of the two onginal races (cf fig 62 ) (he point ftf) 

’Miinch med Uoch 73 606 (1926), p 2202 (1926) 

* Comi(a(o IlaUano per h Studio det ProbUmi <UUa Popola-'tone Institute Poll 
grafico dello Stato Rome (1932) 
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representing the mixed population lies on a line joining these points Furthermore 
the distances of the point AI from P and Q are m%ersely proportional to the number 
of individuals of the corresponding races that entered the cross As an illustration 
let us analyze the graded senes of i»!ute and Indan populations given in table 72 
The respective populations are represented by the points P Q R and S in figure 
63 The scales for p and q are different in order that the graph may be easier to read 
For this reason the deviations of points P Q and R from line OS seem greater than 
they really are 

Since the distance between any two points having the coordinates (p, q ) and 
p- q ) respectively- v'fP -P>)*+(q -q )* 

OS=\ (23 8)‘+(6 7)*»2666 

OP=\/O9)'-H0 5)» = JM PS-v(219j^(6 2)«=22 7 

OQ-\ (9 2)»+{2 3)» - 9^S QS=s (l66)*+(4 S)«=I720 

OR=v (I5 3)>+{-l9)*-l607 RS- y (10 5>»+{l «)»= 10 63 

‘^tnee OP+rS OQ+QS=OR + RS OS=26 7 approximately the points P Q 
R must he very close to line OS It is therefore reasonable to conclude that the 
Indian tribes studied by Snyder originally bad a composition approximating that 
represented by point 0 le p = 0^ = 0r=100 Tlie populations P Q and R 
represent mixtures of Indians and whites The percentage of white blood in these 
various populations is calculated as follows 
OP 3 9 

For population P“;^”rTT“14 6 per cent white 
OS 26 7 

For population 33 6 per cent wh te 

OR 16 I 

and population 3 per cent wh te 

OS 26 7 

The theory that pure Indians belong to group 0 has been satisfied in several 
cases by actual obscrvaiions Thus 200 full blooded Indians in Peru were all found 
to belong to group 0 whereas only 75 I per cent of the half breeds examined 
belonged to that group (cf table 67) However exceptions to this rule have been 
reported particularly by Matson and Schrader* who determined the blood groups 
of Indians of the BlacLfeet and Blood tnbes (in the US. and Canada) anJ found 
as high as 75 per cent group A (cf table 67) 

Geographical Distribution oj the Blood Croup Genes A convenient vva> 
of summarizing the results of the blood group intestigations is to plot 
the data on maps The most common procedure ts to connect points 
of equal gene frequencies by lines call^ ‘tsogenes so as to produce 
the effect of contour maps This method has the disadvantages that 
because of incomplete information sufTiaent points cannot be plotted 
to draw the lines accurately, and more important, due to marked local 
fluctuations caused by various factors (e g , in large cities etc ) a con 

Voar Immunol 25 15S (1933) Another exception was reported by Golden 
[Lancet 2 2i& (1930)] who found a tube of Indians with a high frequency of 
group B (cf tabic 6<) A1 0 see Boyd Amer Jour Pbys Anthrop 25 21 S (1939) 
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fusing picture is obtained, concealing the major trend of the findings 
Candela has overcome some of these difficulties by plotting on three 
maps populations with high frequencies of genes A, B and 0, respec 
lively, and his maps are reproduced in fig 64 Each point on the maps 
represents the result of a separate investigation, such as those listed 
in table 67 In the Americas only the frequencies of genes for American 
Indians have been plotted, and in Australia only the results for the 
aborigines The gene frequencies of white populations in these conti 
nents, and also in Africa and Asia naturally correspond to those of the 
European countries from wrhich they are derived From the densit> or 
concentration of dots one gams the impression of the presence of cer 
tain foci at which the frequencies of the genes are highest It can be 
seen from the first map that there are numerous populations in Europe 
with high frequencies of gene A, a smaller number is present in North 
America (Blackfeet and Blood tribes of American Indians and Eski 
mos), Australia (aborigines) and on the east coast of Asia while only 
scattered populations exist with high frequencies of gene A in Africa 
The second map shows that most of the populations with the highest 
frequencies of gene B are located in Asia, North and Central Africa 
and Eastern Europe The third map demonstrates that the foci with 
high frequency of gene 0 are located mainly m the western hemisphere 
(Indians and Eskimos), m the negroid people^ of Africa, and m Europe 
and Austraba, while such populations arc less frequent in the parts 
of Asia so far examined 

Theories Concerning the Origin o/ the Blood Groups The manner m 
which the varying blood group distributions in the different peoples of 
the world arose is not known Several theories have been suggested 
none of whidi has been definitely established Tor example, it has been 
suggested that the predominance of group O in practically all races and 
its occurrence m a practically pure state in American Indians is evidence 
that in man only the propert> O existed originally, and that the prop 
erties A and B appeared at a later date by mutation Then the fact 
that the properties A and B are practically absent m most Indian races 
would suggest that the separation of these races from the main Asiatic 
trunk occurred before the appearance of agglutinogens A and B This 
theor>' must be modified, however, in the light of the observations 
on “Blackfeet” and “Blood” Indians (cf page 312) The predominance 
of factor A in western Europe has bwn considered an indication that 
the factor first appeared in that locality of the w orld and then gradually 
spread eastwards, and similarly, the predominance of factor B in Asiatic 
peopleshasbeenconsideredevidenceof the origin of property B in Asia 
Objections to the theorj that race O was the original race and that 
"Bernstein Zlschr f tndukl Abstamm tt Vrrtrbun^hhrt 21 237 (192S) 56 
233 (1930), Snyder, he at 
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factors A and B appeared later ba%e been raised by some authors be 
cause of the occurrence of the agglutinogens A and B m the anthropoid 
apes (cf page 332) According to Snyder, the most likely explanation is 
that the mutations arose independently m apes and in man Some work 
ers” have suggested that instead of a single original 0 race there were 
three (or more) races mwhich the genes 0, A, and B, respectivelj.pre 
dominated ** The present distributions of the blood groups are supposed 
to ha\e resulted from migration and crossing of these original races 
(cf page 337) 

Some other observations on the geographical distribution of the blood 
groups in Europe and Asia have been adduced as evidence for further 
hypotheses on the problem Factor A, though decreasing from west to 
east, seldom becomes rare whereas factor B becomes quite rare in 
western peoples, the frequency of gene B {q) m some regions being as 
low as 3 to 5 per cent In addition, there is a second point of maximum 
frequency for factor A in southern Korea and southern Japan but this 
maximum is not as high as the one existing in western Europe The fol 
lowing explanations have been suggested for these observations 

1 Mutation B occurred more recently than mutation A or mutation 
B originally occurred in fewer people than mutation A 

2 An independent mutation of factor A occurred in Asia 

Which if any of (he theonea mentiooed is correct cannot be said However 
if the blood group distributions in Europe at (be present time are correlated «ith 
the histoncal facts and other anthropological data some conclus ons can be drai>n 
As an example the svell known gradient in (he frequenc) of gene B as one proceeds 
from East to \Sest (cf page 296) suggests as already mentioned that this gene 
was introduced into Europe from Asia This idea is further supported by an analysis 
made b> Candela (cf fig 6») and by (he isogene maps constructed by Haldane ** 

Haldane points out that the steepest gradient runs along the continental boundary 
of Scandinavia through the Baltic Sea and central Europe and this he explains as 
due to (be greater ease of migratioa over (be steppes of Russia (he Ukraine and the 
North Sea then over the mountains and through the forests of central Europe The 
sharpest drop in (he frequency of the B gene occurs belwecn Russia and Scan 
dinavia. 

According to Candela** the data plotted in figure 6S together with racial and 
historical data indicate that the g«ie B was introduced into Europe through the 
agency 1tec^‘io^ttf||a^1^^astt«I5De^(nTlIlsWl•»>ml^Yft VA* iiTfi 


’ Bernstein he al Cf Landsteiner and Miller Jour Eip ited ^3 833 

(1025) 

’’Another view supposing that the original «tocks were charactenxed not neces- 
sarily by a single blood group but by particular blood group distnbut ons is held by 
Candela (personal common cation) (Cf SchiS and Boyd Blood Grouping Technic 
p 207 (1942) ] 

"Human Biology \2 457 (1940), ef Coon The Races of Europe Macmillan Co 
(1939) 

"Human Biology 14 413 (1942) 
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He believes that the gene was denved from the brachycephalic central Asiatic 
Mongols best represented at (he present tune by the Bunats and Kalmucks 

Of the two possibilities (!) that the blood groups always existed in 
man, i e , that they are older than the present races, or (2) that the 
blood groups arose at a later period in man's development, the former 
IS favored by Wyman and Boyd’* and by Fisher ’* Wyman and Boyd 
suggest that in speculating about this question one should go back to 
the earliest days of mankind, when the total number of men in the world 
was very small It is conceivable that small groups (families) became 
isolated and multiplied to a considerable degree If the first men had 
A, B and 0, then it ivould be possible as a matter of pure chance that 
these original families were different as to the blood groups and gave nse 
to certain primitive stocks, each belonging chiefly to one or another of 
the groups 

This hypothesis would explain why races widely separated geo 
graphically closely resemble each other with regard to the distribution 
of the blood groups A few striking examples are the similarities between 
Greenlanders and Australians and between the Chinese of Canton and 
the Negroes of South Belgian Congo (cf table 67) Wyman and Boyd 
believe that such similarities can be explained by assuming early dis 
persions of the blood group genes from certain centers It could then 
be imagined that the stock from which the Eskimos arose and another 
the precursors of Australians may have received similar amounts of A 
and B, and carried them to distant regions 
Those not wishing to concede the antiquity of the blood groups prefer 
to explain the cases of parodoxical similariues by postulating later in 
dependent mutations Fisher has shown that unless mutations of genes 
like the blood group genes which have no advantage in natural selec 
tion, continue to occur at a certain rate they would tend to die out after 
only comparatively few generations The rate of spread of a character 
with no selective value and which mutates repeatedly is given by the 

formula (Fisher) 

' ' q = e-i*" 

frhenr q = prupartrarr o/ onmerfatetf gerreif n = number of generatfCiTS 
elapsing |i = fraction of the total number of genes mutating each gene 
ration Using this formula and assuming a mutation frequency'^ of 
10 ®, ^ yman and Boj-d have estimated that it would require 745 000 
years for the genes A and B to attain their present maximum frequen 
cies To account for a building up of the observed frequencies of A 

" Amer Anlhrop Z7 JSl (1935) 39 583(1937) 

“ Quoted after M yman and Boyd 

’’That !s once in a 10* lifcKiycks This figure was chosen on the basis of calcula 
lions of the mutation rale for hemojAnha la man Cl Haldane Humon Biology 12 
457 (1940) 
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and B in Asia since the migrations of man to America (on the assump 
tion that this took, place «ome 50,000 years ago), it would be necessary 
to postulate a mutation rate of 10“* (in a population of 1 000,000 
people, this would imply about 5 or 6 mutations each to A and B eser> 
year) ^\jTnan and Boyd consider this rate too high to be probable 
and m addition point out that there seems to be no reason why mutation 
at a similar rate should not haNC gone on in America at the same lime 
Therefore m the opinion of these authors, the mutation theory should 
be discarded unless later work, demonstrates some selectne \alue for 
the blood groups, or for factors closely linked to them 

On the other hand, this argument does not hold if the opinion of 
Gates'* is correct that there are periods during which particular muta 
tions occur at a greatly increased rale Direct evidence to support this 
idea as applied to the blood group factors is not available of course 
Blood Groups and Racial Ongtrts The application of blood grouping 
in anthropologj has been complemented bj the development of technics 
for examining mummified material and skeletal remains This is ex 
emplified bj the results of tests on the skeletons of 30 prehistoric 
Aleutian mummies '* The Aleuts were generally believed to have arisen 
from an £skimo*Indian cross, however, the findings of groups B and 
AB in 8 of 30 mummies'* rendered this theory untenable As in some 
other human stocks among pure Eskimos and Xorth American Indians 
the incidence of the B factor is very low, in Asia however B is com 
mon The conclusion, based on these data that the Aleuts were of 
Asiatic origin, has been supported by information from other branches 
of anthropology 

That the grouping of skeletal remains is a difficult technical problem is «elf-esident 
but as has been demonstrated by Candela*’ it is nc\ertheless possible to get reliaM» 
results with such material 

Uhile m principle the fe«t5 do not differ from the procedures u«ed for identifjing 
the aeglulinogens in bloodstains (cf page 4(N) m practice the procedure is 
complicated b> the fact that ground bone has a high degree of non specific ad 
sorptise power This makes it essential to start with A and B tc't sera of cxactU 
equal strength since if the sera are not balanced or if the> become unequal ihrough 
deterioration the non specific reduction in titer of the weaker one mas lead to a 
false A or B diagno'is 

Accordingly the preliminary titration ol the te«l sera is one ot Voemosi rmyn/tiaift 
steps 

Candelas success «i grouping slaleUl remains probably depended upon the fol 
lowing modifications in the technic Firstly he wned Ihc proportion between cells 
and scrum m the titrations and tests by using a Urge volume of «enjm and onlv a 


“Gales Genelira 18 47 (1936) 

"Candeb Amer Jour pk-^s Anikrop 24 361 (1939) 

“Candela Amrr Jour P/iys AntJirop 21 4Z9 (1936) ihd 23 'I flW ) 
if.id 24 361 (1939), ifrid 25 187 (1939), ib«f 27 365 (1940) Amer Auli^uUy 
5 No 1 (1939) 
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small amount of cells (cf page 20) In this «ay the test sera could be used in 
higher dilutions in the absorption tests (cf page 284) Secondly when tests were 
made for agglutinogen A test cells of <ubgTOup A, were always used Finally the 
absorptions were earned out m the cold over an eslended period (48 hours) 
It should af'o be mentioned that the reading of the reactions may be complicated 
by hemolysis of the test cells cau«ed b> acidity or the presence of glycerol m the 
marrow but Candela found that the addition of small amounts of caturafed salt 
solution at times together with a few drops of N/SO alkali may obvnate this 
difficulty Obviously this procedure may also prove useful m tests on other similar 
material For further details the reader is referred to the original papers 

The success in the grouping of skeletal remains by the absorption 
technic probably depends on the presence of dried marrow and blood 
on the lining of the cancellous bone used for the examination 
Mummified tissue had previously been used for grouping tests by 
Boyd and Boyd After first demonstrating that preserved muscle tissue 
can be grouped by the absorption technic,** Boyd and Bo) d** applied 
this procedure to mummies In their initial experiments, 8 out of 10 
American Indian specimens failed to absorb either anti A or anti B 
agglutinins while 2 absorbed anti A but not anti B agglutinins On the 
other hand, while 3 of 6 Egyptian specimens exhibited no group speafic 
properties, the other three gave reactions corresponding to group B 
Bo^ and Boyd’^ then extended their studies to include 300 mummies, 
and the results of these investigations served to amplify and confirm 
their previous findings As was pointed out by Matson,*' mummified 
tissue can also be grouped by preparing saline extracts and then testing 
these by the inhibition technic (cf page 278) For the identification 
of group 0 tissues, Jtatson used anti O ox sera, and he found the 
O antigen to be present in 15 of 16 American Indian mummies be 
examined On the other hand 2 out of 6 Egyptian mummies possessed 
B antigen and one contained A 

When the absorpt'^a method is used the presence of pre«ervativc5 in some 
samples may interfere with the reactions Extracts prepared by freezing and thaw 
ing tissue as advocated by Matson are apt to be weak Since the water soluble 
group substances are heat stable Ibe extractions can be nude witb hot water 
(cf page 416) the*e extracts being evaporated to dryness and the residue re 
dissolved in a small volume of saline solution If large amounts of material are 
available for examination concentrated extracts can be obtained in this manner 
which are suitable for examination by Ihe inhibition technic ** 

Relaltonship Between Blood Groups and Anthropological Characters 
Studies on the correlation between blood groups and other constitutional 
characters have failed to convmnngly establish any relationship between 

"Boyd and Boyd Sciaicc 78 578 (1933) Jour Immtmol 26 489 (1934) 

^ Proc Soc Exp Biol and 3Jed 31 671 (1934) 

^ Jour Immunol 32 307 (1937) 

’ Jour ImtnunoL 30 459 (1936) 

“Cf Candela Science he j!$ Letter 39 lOa (1941) 



322 BLOOD GROUPS AXD TRANSFUSION 

the blood properties and such characters as size, weight, color of the 
skm and hair, etc For example, in the some population, the disinbulion 
of the blood groups is the same among people w ith light hair as among 
people wth dark hair 

A number of authors ha\e claisned to Iia\e found some conelalson between the 
blood groups and certain constitutional characters In «ome of the«e «lodies the 
senes of cases examined was small and the differences found were really not tig 
nificant as the authors belieted This can be demoostrated by calculating the prob- 
able errors of the observed frequencies <rf page 30a) In a number of ca<es popu 
lations in large cities wrre studied <0 (bat the conclusions are inv-alid because there 
may have been recent admixture of different races Thus if a race of people having 
blue eyes and characterized by a high frequency of group A is mixed with a race 
of people having brow-n eyes and a high frequency of group B in the mixed popula 
tion the frequency of group A will be higher among blue-eyed individuals and the 
frequency of group B will be higher among brown-eyed individuals 11115 correlation 
between color of the eyes and blood groups is onlv temporary since with random 
intermarriage the distribution of the blood groups will become identical among blue 
eyed and brown-eyed individuaU On Ibc other hand if races in the population do 
not intermarry the correlation between blood groups and e'e-color will persist This 
would not mean however that there is any tntnnsic connection between the two 
traits As Streng has sbow-n this explanation seems to apply to the apparent correla 
tion between blood groups aod shape of the bead which has breo reported by Klein 
and Osthoff *• 

RACIAL. DISTRIBUTIOS OF THE SimCROUFS OF CROUPS A AND AB 

The first studies on the distribution of the subgroups were earned 
out iQ theU S*' and m Ecgiand 'and revealed that in white indniduais 
of groups A and AB about 80 per cent belong to subgroups A aod 
A,B Among negroes living in New York City , Land«ieiner and Levnne** 
found that the relative incidence of subgroup A, in groups A and AB 
was higher than in while persons On the other band Nig^® found that 
in pure Hawaiians, wrho are characterized b> a high incidence of group 
A (60 8 per cent), all the group A individuaU examined belonged to 
subgroup Ai Of interest are ako the studies of Matson Levine and 
Schrader** on the distribution of the subgroups of A in Blackfeet 
Indians, a tribe with even higher frequency of group A than the 
Hawauans (cf page 312) Of 93 putative full blooded Indians tested 
only one was found to belong to subgroup A Afore recently the e 
studies have been extended to include other race^ but the number of 
investigations on the subgroups is still relatively «niall 
•Arck j Rasstnbtol 17 371 (1026) 

"Coca and KIcm Jour Immunol 8 487 (1023) KJine Ecter and \omz 
Jour Immunol 10 SOi (1925) 

"Snvon /our Path and Bail 29 270 (1026) 

“Jour Jmmunol 16 123 (1929) 

^ Jour Immunol 19 93 (1930) 

” proe Soc E^P B>ol and iltd 35 46 (1936) 
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The a\3ilable data on the racial dislrUiultoa of the subgroups are sommanied 
in two tables (tables 73 and 74) In the first table are included those studies in 
which data as to the incidence of all groups and subgroups were presented making 
possible the computation of the ficquencies of the four genes A, 4 B and O 
The second table contains studies which suppiv information only with regard to the 
relative incidence of the subgroups reprt ented b> the indea A y\ Obviousl) 
and as is seen from table 74 the fact that the index A,/A, in a given population is 
high does not neces«ariJy indicate a high absolute frequencv for subgroup A 

It IS evident that the tests for the subgroups furnish another tool 

Table 74 


Racial DisTRiBuno\ of ike Sipcroi-ps or \* 


People 

j Place 

1 1 

1 Investigator 

1 Somber 
Tested 

A, A, 

AincTican Indians 

1 Montana 

1 Matson Levine and 

93 

' 0 01 

Basques 

San Sebastian, 
Spam 

Schrader 

Boyd and Boyd 

91 

0 39 

Denmark. 

Copenhagen 

AAorsaae 

197 

1 0 2-. 


Assiut 1 

1 Boyd and Bold 

■523 

1 0 20 


1 Cairo 

^ Boyd and Dovd 

913 

‘ 0 24 


Cairo 1 

1 Moharram 

500 

0 17 

E«kiin03 

^ Labrador Dafiin 1 

Sewell (after Boyd) 

199 

very 

Germany 

1 Is 1 

Berlin 

ALunc 

704 1 

small 

0 19 

Germanv i 

Heidelberg 

klopstock 

S23 1 

0 23 

Germany 

1 Cologne 1 

Dahr 

1 293 1 

0 20 

Germany 

1 Cologne 

Muller 

42A 1 

' 0 23 


1 Dublin 1 

Doyd and Bovd 

199 

0 46 


[ Kharkov I 

Boyd and Bovd 

3t0 

0 29 



Bovd and Bovd 

489 

0 26 

L b A (whites) 

New A ork City | 

LaniLteiner and 1 

119 

0 16 

USA (negrges) j 

1 ' 

New \ork Citv i 

Levine | 

Landsleiner and 1 

89 

0 67 

AA ales j 

North AA ales j 

Lev ini. 

Boyd and Bovd 

192 

0 33 


• This tabic includes studies with information onlv with regard to the relative 
incidence of the subgroups Most of these data are cited after liovd 17■<l^u^a^’ 
Btologxae, \ol WII part 2 (1939)] 


to the anthropologist for studying racial relationships and racial origins 
For example, the complete or almost complete absence of subgroups 
\j among American Indians, Polynesians and Eskimos even m tribes 
with veiy high frequencies of group A is in conformity with other 
anthropological data indicating a certain degree of relationship between 
these races 




ANTHROPOLOGICAL INVESTIGATIONS 


32S 


RACIAL DISTRIBUTION OF THE ACCLUIINOCENS M AND N 

The first studies on the racial distribution of the agglutinogens M 
and N were made by Landsteiner and Levine ** These authors found 
that there were significant differences between whites and American 
Indians with regard to the distribution of these properties During the 
past decade the distribution of and N in other races has been studied 
and the results of these investigations are summarized in table 75. 
In preparing this table, those studies were excluded %vhose reliability 
is doubtful because the value of D ivas more than three times greater 
than (Td (cf page 239) 

Many of the races thus far examined have the same or similar distri- 
butions of the properties M and N The most striking exceptions are the 
American Indians, the Eskimos, the Hindus, the Bedouin, the Aus- 
tralian aborigines and the Ainu The distributions of 51 and N in the 
Finns and Swedes also deviate significantly from those of the other 
races, but here the differences are less striking 


MN MN , 

Since and from the relations ^ and «— N-t — ^ (cf page 


237), )t folloMs that if the frequency of other gene or of any of the three types is 
known, the distribution of the agglutinogens 5! and N in the population can be 
calculated Thus, the serological composition of the Amencan Indians is full) char- 
actenred (so far as JI and X go that is) by the frequencj « = 77 6 

From these considerations, ic i> eiident (hat the distribution of M and N m 
i-anous races can be represented graphically, by points on a line A convenient method 
of plotting (he racial points so that the frequencies not only of the genes but also of 
the three types can be read of! directly from the same graph has been suggested by 
Mustakallio The frequencies of the genes If and A’ for \anous populations are 
plotted by rectangular coordinates measuring »n along the ordinate and n along the 
abscissa The racial points determined in this way mil fall on the hypotenuse of an 
isosceles right triangle (cf figure 66) The distribution of M and X can also be 
represented by measuring the frequency of ty-pe M along the ordinate and type N 
along the abscissa B> this method, points representing the frequencies of these types 
tall on a parabola The racul point on the parabola corresponding to any gi\en point 
on the hypotenuse, is found by drawing a line perpendicular to the hypotenuse at the 
given point and determining its inlcr«ect»on with the parabola 

Thus, mtb the aid of figure 66, the distribution of the properties and N and 
the frequencies of the genes M and A' for the popubtions listed in table 7S can be 
read off directly, and the relationship between larwus racial points can be determined 
at a glance Rather striking is the similarity of the distnbution of hi and X in 
the BlacLfeet tribe** of Indians and m (he other Indian tnbes thus far etammed 


m new of (he differences among these tnbes with regard to (he di<(nbution of (he 
four blood groups 


"Jour Immunol 16' 123 (1929) 

" Ada Soc Med Fenn "Duodeam” 20 Xo 2(1937) 

*' Matron, Levine and Schrader Proc Soc Exp Biol and Med 33* 297 (193S), 
ibid. 35: 46 (1936) 
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Graphic representation Along one ans are measured the frequencies of type M 
and of gene 1/ (m) along the other tjpe \ and gene N (n) For e»mple the 
point X gives the frequencies for Amencan Indians of type M=56*o tjpe N“6^ 
and point > gives the frequencies of the genes as m~'7S% and n~25^ 

Kubo’^ has suggested that races be classified fay tests for the and N factors 
with the aid of the mder m/n For most races m American Indians 

Fskimos and Hindus m/n>2 while for the Amu and Australian aborigines m./n<.\ 

The sitnilanty m the distribution of the M N typea m the Amu and 
Australian aborigines®* (little M, much N) can be explained by the 
assumed cloae relationship between (he origin of these peoples In 
contrast is the distribution of the M V factors in the E«kimos*^ and 
American Indians (much 31, little JJ) 

RACIAL DISTRIBUTION OP OTIIER SEROLOGICAL PROPERTIES 

\\hile the number of in\estigations on other serological characters 

“/oiir Itnmtmol 30 28 (1936) 

’‘Birdsell and Bojd Amr Jottr Phyt Amlkrep 27 69 (1940) 

" Fabliaus Hansen Jour ImmuTtot 36 523 (1939) 
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giving rise to individual di^erences in man, e g , S, Rh and P, is still 
very small, the findings already collected indicate that more extensile 
studies may jield results of value to the anthropologist 
Secretor Type The studies that have been made on this factor include only tela 
lively small senes (cf table 76) but it appears that sicnihcant differences enst m 
the distribution of the property m different populations In Europe and in the 
USA u has been Itroni that about hO per cent oi while individuals are secrelors 
and 20 per cent are non secrelors ** The percentage of secrelors appears to be 
slightly higher m Finland ” and markedly lower among negroes ** 

Tablc 76 


SltDlES ON niE DlSTUBUtlOV OF TItE SECBETQR TvPE 


Nalionalitj 

Investigator 

Number 

of 

Persons 

Tested 

Distnbution of 
Types 

Frequencies of 
Genes 

1 5 

» 

^ I * 

Denmark 

Hartmann 

100 

74 0 

26 0 

49 0 

9l 0 

Finland 

Putkonen 

197 

86 3 

13 7 , 

63 0 

37 0 

Germanv 

Schiff 

363 

78 0 

22 0 

53 2 

46 8 

Berlin 







Japan 

1 Suzuki 

424 1 

75 7 

24 3 i 

1 50 7 

49 3 

Japan 

' Tsizawa Nonaka 

254 

79 S 

20 9 

' 54 8 

45 2 

Nagasaki 

Okajima and 







Sekimala 



i 



Poland 

Morz) cki 

88 

79 4 , 

21 6 

53 a 

46 5 

USA N A 

Schiff 

74 

82 4 I 

1? 6 

98 0 

42 0 

(whites) 







USA N A 

Wiener 

130 

82 0 

18 0 

57 6 

' 42 4 

(whites) 1 







USA N \ 

Schiff 

178 

61 2 

38 8 

17 7 

62 3 

(negroes) , 



1 





iggUiltnogen P The lack of a depradaMe source of reagents for festing for agglu 
tinogen P accounts for the paucity of studies on this property Almost the only 
investigations on the P agglutinogen have been earned out by Landsteiner and 
Levine** in New Aork and by Dahr** and bis collaborators in Germanj (cf page 
256) In a «etie5 of 3530 indivnduals Dahr found 24 per cent who were P negative 
and 76 per cent who were P positive and this can probably be used as a standard 
for European whites Also in a short senes of bloods tested in New Aork Cilj the 
present author** has encountered about 25 per c«it negative icactois 

Landsteiner and Levine found that the incidence of the P agzlutmogcn is much 

*■ Schiff and Sasaki Ztschr / Jmmtpntais 77 129 (1932) ^^lene^ unpubb'hed 
observations 

**Putkonen Ada S(>c ^fed Penn Duodeem' Set A14 No 2 (1950) 
"SchifT Amer Jouf Phys Anihrop 27 22a (1040) 

‘'Jour Immunol 16 125 (1029) iM 18 87 (1050) 

" Dahr and Zehner Dculsch med Iloc* 67 71 (1941) 

" Unpublished obsers'ations 
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higher in negroes than in whites in New York City Using a strong anti P immune 
rabbit serum the«e authors found 18 I per cent negative reactors among white* 
and only 2 2 per cent bloods giting completely n^tiv-e reactions among negroes 
As has alread> been pointed out (cf page 260) the so-ealled agglutinogen Q 
IS really a variety of P agglutinogen Accordingly judging from the reports on the 
distribution of this factor** one would surmise that the incidence of P negative 
bloods IS higher in Japanese than in whites in contrast to the situation m negroes 
Agglutinogen Rh As has already been mentioned (cf page 245) the Rh agglutinogen 
was found to be present in the blood of about 85 per cent of white individuals in the 
USA Landsteiner and lencr** found a somewhat higher incidence among negroes 
m New York City More recently Landsteiner Hiener and Matson*® studied the 
distribution of the Rh agglutinogen in Atntncan Indians and they found only a 
single Rh negative individual among 120 full blooded Indians eramined. Results 
were also obtained mdicating racial differences in the distribution of the sub- 
divisions of the Rh type Levnne*** has confirmed the higher incidence of the Rh 
positiv e type among negroes and among ISO Chinese Levine and W ong encountered 
only a single negatively reacting blood 

Other Aggluttnable Properties With regard to Ihe other agglutinogens that have 
been described by various Investigators reagents for these properties are not 
available and studies on the racial distribution have been made in only one 
instance namely for the rare propetlj of human blood described by Landsteiner 
SlTUtton and Chase*' These investigators reported that this property could be 
demonstrated m the blood of 14 of 191 colored individuals tested but m only 2 
out of 387 white individuals (cf page 264) 

ADVANTAGES AND LISIITAnONS OF TJIE APFLICATIOV OP 
BLOOD GROUPING TESTS IN ANTHROPOLOCV 
Blood tests, like other anthropological criteria, may be applied either 
to individuals or to groups of peoples Its application to individuals 
IS extremely limited, however, since representatives of all four groups, 
all three M N types, etc , occur in almost every race, so that the tests 
can be used only m a few exceptional instances e g , the occurrence 
of group B or subgroup A* would render it highly improbable that a 
given individual is a full blooded Polj nesian or North American In 
dian When dealing with individuals from mixed populations, even this 
extremely limited application cannot be made On the other hand, cer 
tarn external traits, such as skin color, type of hair, slanting eye of 
the Mongolian etc , tend to be more uniform in people of a common 
stock, and collectively usually indicate quite definitely the racial den 
vation of the individual The homogeneity with regard to external 
characters is due to intermarriage between mdividuils of similar racial 

“Among 1187 Japanese Isiaawa Nooaka Okajima and Sekimata [Sap Sour 
Med Set 1 11 Soc Med and llyg 3 121 (1940)] found 30 7 per cent Q positive 
and 69 3 per cent Q negative 

'‘Sour Exp Med 74 309 (1941) 

"Sour Exp Med 76 73 (1942) 

'''Saertce96 452 (1942) 

' Sour Immunol 27 469 (1934) 
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type, while selection does not operate m the case of the blood group 
factors 

Ne\erlheless, as has been pointed out in the preceding pages, blood 
grouping tests ha\e proved to be of value for studying racial relation 
ships and tracing racial origins To be sure, the blo^ tests have Iimila 
tjons, because peoples of the same race may have widely different 
distributions, while totally unrelated races may have a similar sero 
logical constitution However, these same limitations also appl) to 
other anthropological criteria such as the shape of the head stature 
etc Moreover, the blood tests have advantages over some other anthro 
pological methods in common use Firstly, the blood of every indi 
vidual can be readily and accurately classified Errors m technic can 
and have been made, but with the aid of formulae such p q r 
= 1 and w + « = 1, reports containing such mistakes can usually be 
recognized Moreover, the blood group can be diagnosed reliably at 
birth even in premature infants, and it remains constant throughout 
life, being unaffected by environment, while such is not the case for 
most other anthropological criteria Secondly, the hereditary mecha 
msm of the individual blood properties is simple and well known so 
that It IS possible to predict accurately the result of any racial cross 
when the distribution of the blood properties in the parent populations 
are known In this way it is possible to test theories concerning the 
racial derivation of various populations as was done in the case of the 
Aleuts (cf page 320) Thirdl>, the fact that there is no selection of 
mates on the basis of blood groups causes the blood group distribution 
of a population to remain constant from generation to generation in 
the absence of immigration and intermarriage with other races Pimlly 
It may be remarked that the published data regarding the racial distn 
bution of the blood groups probably exceeds that n/ailable for any 
other anthropological criterion 

SPECIAL BniLIOCRArilY 

The following articles and reviews deal with the aniluopological 
aspects of blood grouping, and are recommended to tho'^e desiring 
further details 

BER^STEtv F Die geographuehe I ertrilung der Blutgriippen und thre anthropolo 
gische Bedentung Roma Instituto Toligrafico dcllo Slalo Libreria (1932) 
Boyd \\ C The Blood Groups Tabulae Bi^ogicae 17 (2) H8 240 (1939) 

Bovd \\ C Critique of Methods of Classifying Mankind Amer Jour Phys An 
throp 27 333 (1940) 

Eukos Dew R. the Blood Groups of the Bantu of Soulkern Africa Publication 
No XXXDi. South African Institute for Medical Rc'earch (1936) 
Furuiiata T }aliie of Blood Grouping m Anlhropology Kanazawa (1933) 
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Stresc, 0 Die Blufgnippenforschung in der Anthropologic, Acta Soc Ued Fenn 
“Diiodecim” 17 . Ko 3 (193S) 

Wyman, L C aad Bo\'d, C Human Blood Groups and Anthropology, Amer 
Anlkropol 37; 181 (193S) 



CH \PTER XIX 


L\ OLUTIOY or THE HUMAV BLOOD GROUPS 
INDI\ IDUAL DIFFEREKCES IN \N1M \L El OOD 

The stody of the blood group factors A and anti A B and anti B 
in apes inonkevs and lotver animaU is complicated by the presence in 
normal human sera of heteroigglutinins for animal blood and in 
ammal s^ra of heleroagglutinins for human blood Mhen examining 
animal sera for anti A and inti B agglutinins the heteroagglutinins 
can be removed simplj by absorption with human group 0 blood and 
the specificity of any group agglutinins remaining behind tested b> 
absorption with group A and group B blood However the examination 
of animal blood cells for agglutinogens related to the human agglutmo 
gens A and B is more difticuli For demonstrating A and B antigens 
therefore Landstemer and Miller have employed the following three 
technics (1) specific absorption experiments with human sera (2) 
direct agglutination tests with purified solutions of human i«oaggIu 
tinins (3) direct agglutination tests with anti A and anti B testing 
fluids prepared from immune rabbit antisera By applying these tech 
mcs Landsteiner and Miller obtained evidence of sigmhcance for the 
serological relationship between man and other pnnutes 

BLOOD CROUPS IN AMIIROPOIP APES 
The first grouping tests on anthropoid ape> were attempted bj von 
Dungern and Hirszfeld* who examined the blood cells of one diim 
panzee This blood gave reactions closely corresponding to group A 
since absorption of group B sera with human A cells removed all the 
agglutinins for this chimpanzee Wood 
A systematic examination of blood of anthropoid apes was earned 
out by Landsteiner and Aljller* in 192a These investigators established 
the existence in the blood of chimpanzees onng ulans and gibbons of 
agglutinogens and isoagglutmins indistinguishable from tho«c present 
in human blood In fact despite the pre*;ence of natural heleroagglu 
tinins in human sera for ape blood the results obtained by Lanasieiner 
and Miller suggest that a transfusion of chimpanzee group \ blood to 
a human being of group A would jmssibly cause le-s reaction than a 

Jotr Exp 3Icd 42 853 (192 ) 

'Ztschr } Immumlals 8 541 ( 1911 ) 

*Loc cit 
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transfusion of human blood of group B Landsteiner and Miller’s in 
vestigations on the blood groups in chimpanzees, orang utans and gib 
bons have been amply corroborated by the work of subsequent investi 
gators * 

Chimpanzees Of the first 14 chimpanzees examined b} Landstemer 
and Miller 11 proved to belong to group A and 3 to group O Subse 
quent tests by Landstemer and other authors^ have increased the total 
number of chimpanzees tested to 92, of which 81 proved to belong 
to group A and 1 1 to group O ^ To date group B and group AB have 
not been encountered in chimpanzees * 

Chimpanzee blood of group A not only was agglutinated by purified solutions 
of human isoagglutinin « and anti A immune rabbit testing fluids but also com 
pletely absorbed the alpha agglutinins from human B sera and the sheep hemolysins 
from anti A immune sera so that the agglutinogen A in human and ch mpanzee 
blood are indistinguishable^ Moreover strong isoagglutmation reactions occurred 
when the serum from a group 0 chimpanzee was tested against group A chim 
paiuee bloods while sera from group A chimpanzees gave no or onij famt reactions 
«ith other chimpanzee blood In absorption eirperiments chimpanzee A blood 
appears to resemble humao Ai blood more closely than Aj * The sera from group A 
chimpanzees regularly contain ^ but not « agglutinins while sera from group 0 
chimpanzees contain both agglutinins a and ^ in accordance with Landstemer s rule 

Orang utans The distribution of the blood groups m orang utans 
(Pongo pygmaeus) is strikingly different from the distribution in chim 
panzees Among 18 orang utans tested up to 1938 7 proved to belong 
to group A, 8 to group B and 3 to group AB * The reciprocal relation 
ship between isoagglutinogens and isoagglutimns holds for the blood 
of this species Thus, isoagglutmation reactions occur when bloods of 
group A and group B orang utans are cross matched and sera from 
chimpanzees of group A agglutinate blood from orang utans of group 
B but not of group A 

‘Landstemer Compt rend Soc Btol Fani 99 6a8 (1928) Troisier dtin Inst 
Past 42 363 (1928), ^\el^ert Ztsckr / Rassenphysiol 10 7 (1938) Dahr 
Ztschr / Rassenphystol 10 78 (1935) Wiener unpublished observations etc 

‘Cited after Dahr \Ztschr / Rassenphysiol 10 78 (1938)] The bloods of S 
chimpanzees not included m this total tested by Wiener and Candela (utipub- 
hshed) all proved to belong to group A 

* No attempt was made in most of these studies to distinguish the vanoua species 
of chimpanzee Pan satyrus Pan chimpansee and Pan schueinjurthi 

‘Landstemer and MDler loc at 

‘Dahr Ztschr j Rassenphysiol 9 124 (1937) Wiener and Candela unpub- 
lished ob'ervations 

'Cited after Dahr loc at To these arc to be added one group AB orangutan 
recently examined by Wiener and Candela (unpublished) If the low incidence of 
group AB IS maintained in a larger senes it would be indicative of inbreeding within 
separated groups of animals fCf Haldane Nature London 146 6S2 (1940) ] 
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Gibbons The results obtained by Landsteiner for 7 of these apes were 
as follows 

Ilylobalcs lar I group A, 1 group AB 

Hylobatcs leuascus 3 group B 

Synipholangus syndoctylus 2 group B 
Accordingly, among these apes, just as m orang utans blood of group 
0 has not been encountered 

Gorillas The bloods of only very few gorillas were available for ex 
amination 

Wemerl ciles the supposed otcuirernc of group A jn c\eiy one of 4 gorillas 
tested up to 1938 but Dahr slates that these results must be discarded for the 
following reasons The blood of three of the gorillas examined by Weinert were 
tested with untreated human A and human B sera and these results were not valid 
on account of the presence in the human sera of speaes agglutinins for gorilla blood 
The blood of the other gorilla was examined by l^dsteiner who remarked that the 
blood of this ape could not be classified 

Recently, the blood of a gorilla became available to Wiener and 
Candela The serum of the ape was found to contain strong anti A 
and no anti 6 agglutinins, but the cells gave no or only feeble reactions 
tn anti B immune sera and did not absorb the ^ isoagglutinins in human 
A sera This apparent lack of reciprocal relationship between agglutino 
gen and agglutinin led W lener and Candela to make further tests and 
extracts of the submaxillary gland were found to inhibit strongly human 
A sera but not human B sera In this particular ape therefore the 
expected agglutinogen was absent or deficient in the erythrocytes, but 
a reaprocal relationship existed between the antigen in the glands and 
the agglutinins in the serum As is pointed out below, a similar situation 
holds m certain speaes of monkeys 

Two species of gorilla are recogoiied the lowland gorilla (C gorilla) and the 
mountain gorilla (G berengei) By tests on unne samples Candela * has deter 
mined the groups of 13 apes of the Xornier species and 2 apes of the latter 'pecies. 
The 13 lowland gonllas all belonged to group B while both mountain gorillas 
belonged to group A 

BLOOD GROUP FXCTORS IN MONKEYS 

The regular occurrence in the sera rhesus TnanVejs tA uiAi ^ 
without anti A agglutinins, and in the «era of vervet monkejs ol anti B 
w^thout anil A agglutinins has been known for come time (cf page 
30) The reason for the behavior of such sera as well as sera from 
other monkeys was not clear since neither A nor B agglutinogens could 


"Cf Candela Wiener and Goss Zoolog%ca2S 513 (1940) 

“Wiener Candela and Goss Jour ImmtmtA 45 229 (1942) 

”rer«onal communication In a few cases organ extracts also were tested 
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Table 77 


Blood Groups Factors in 16 Macaques 


Jsame 
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(0)* 

(a)* 
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(»)• 
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(0)* 
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(cO* 
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8) Java 
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1/ irat 

A 
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9) Java 
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0 

0 

a 

0 

10) Java 

(y) Offspnng 

\[ trtts 

A 

not tested 

not tested 

A 

11) Java 

(y) Offspring 

M trus 

A 

0 


A 

12) Java 

(j) Offspnng 

M trus 

A 

0 

0 

A 

13) Java 

(a) Father 
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B 

not tested 

not tested 

B 

14) Java 

(a) Mother 

it trus 

AB 

0 

none 

AB 

15) Java 

(a) Offspnng 

If trus 

AB 

not tested 

none 

AB 

Id) Java 

(a) Offspnng 

1/ 

AB 

0 

none 



( )• These bloods ^ ere not tested because findings on the blood of rhesus have 
been shown to be quite constant 


be demonstrated in the erythrocytes “ Landsteiner” considered the 
behavior of the sera evidence of constitutional differences among the 
monkeys 

After demonstrating the B property m the organs of the gorilla 
described above, it occurred to ^\Jener and Candela that the peculiar 
behavior of monkey blood might have a similar explanation This 
received support when extracts of the submaxillary gland of rhesus 
monkeys were found to strongly inhibit human anti B but not anti A 
sera /Iccordmgfy, a more systematic study was carried out companng 
the reactions of the sahva, unne and organs of various monkey species 
mth the isoagglutinm content of the serum ** 

Macaques The results of the examination of the blood and saliva of 
17 macaques is presented in table 77 

As is shown in table 77, the saliva of all the rhesus monkeys examined 

’ Cf Bucbbinder Jour Immunol 25 33 (1933) Hirano Phtltpp Jour Set 
47 449 (1932) etc 

"Landstemer Jour Immunol 15 589 (1928) 

’CandeJa Wiener and Goss he ai Wiener Candela and Goss Jour Immunol 
45 229 (1942) 
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contained the group substance B, thus accounting for the absence of 
the anti B agglutinins from the sera The group reactions of the Java 
macaques differ from tho«;e of the rhesus, since all four groups appear 
to be represented m the former speaes The reciprocal relationship 
between the reactions of the saliva and serum also holds in this species 
Agglutinogens corresponding to A or B could not be demonstrated in 
the erythrocytes however 

Spider Monkeys Eleven tadtsiduaU of too speues of spidei monkeys have been 
examined,'* No reactions occurred ohen Ihe bloods of these monke>5 were tested 
with anU A or anti B immune agglutinating sera (however cf page 341) Judging 
from the reactions of the saliva and sera all six black «pider monkejs examined 
belonged to group A The results obtained in Ibe case of the gray spider monkeys 
are more diflScult to interpret since the reciprocal relationship between the reactions 
of sali\a and serum does not appear to hold stnctly for this species One monkey 
gave reactions corresponding to group 0 but the other 4 monkejs gave results indi 
eating the presence of B like antigens in the saliva desp (e the presence of ^ aggtu 
tinms in the <erum A probable explaration for this situation is that the fraction 
of the group B substance acted on by these & agglutinins « different ficraj that 
present m the saliva. It is signiffcaot that (be ^ agglutinins m the sera of gra> 
spider monkeys were of much loner titer than the a agglutinins m the same sera 
and a]<n far weaker than the $ agglutinins in sera from black *pder monkejs 

Conclustons More studies are necessary, but assuming that results 
similar to those described will be obtained in tests on additional apes 
and in other monLey speoes, certain deductions may be permissible 

Evidently, blood group substances related to A and B developed m 
evolution before the primates were differentiated However in monkeys 
and probably in gorillas the group substances appear to be limited 
practically to the tissues and secretions and are absent from the erythro- 
cytes Agglutinogens so far indistinguishable from A and B are 
demonstrable, however, in the blood cells of chimpanzees orang utans 
and gibbons so that the appearance of these group subatances in the 
erythrocytes appears to be mote recent in the evolution of man than its 
presence in the tissues 

As for the reaprocal relationship between group 'specific substances 
A and B and the agglutinins o and P, this bolds in all the anthropoid 
a^s. and. mnsf. at the. manljey species examined but in gorillas and 
monkeys this statement applies to the group-substances in organs and 
secretions instead of erjthrocytcs Presumablj, therefore, all primates 
have the innate capacity to form anti A and anti B agglutinins but 
when substances identical or closely related to the human group- 
substances A and B appear m the erjthrocytes and/or organs the 


‘Wiener Candela and Goss he at 

' This does not take into account the special B antigens present in the blood of 
lower animals and monkejs discussed on page 34! 
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formation of the corresponding agglutinins is suppressed or they are 
absorbed as quickly as they are produced (cf page 194) Where, as in 
the gray spider monkey, the group substances presumably differ quali 
tatively from those present m man, the reciprocal relationship appears 
not to hold strictly’* 

Of interest is the fact that some species of monkeys (eg, rhesus 
and vervet monkejs) and the two species of gonlias each seems to be 
characterized by only one of the blood group factors Moreover, in 
chimpanzees only groups A and O occur, while in gibbons and orang 
utans group O appears to be lacking This suggests that primate species 
with all three substances A B, and O, may have resulted from crosses, 
and Landstemer and Miller have mentioned this possibility in dis 
cussing the origin of four blood groups in man The infrequency of 
group 0 in monkeys and its absence from all anthropoids except 
chimpanzees is striking in view of the predominance of this group in 
man This suggests that gene O is more recent than genes A and B, 
rather than that group O was the original group as has been held by 
some workers (cf page 316) If gene O appeared by mutation, it 
could conceivably have been favored by isoimmunization in hetero 
specific matings (cf page 372) which might tend to eliminate offspring 
of a group incompatible with the mother After the appearance of the 
non secretor type this mechanism could conceivably have been en 
banced 

RELATION BETWEEN THE HUMAN TSOAGGLUTINOGENS AND 
ANTIGENS PRESENT IN ANIMALS (AND BACTERIA)’* 

As has already been mentioned, human blood A has certain reactions 
m common wth sheep blood and these are related to that factor in 
sheep blood which reacts with Forssman antisera (cf page 31) ” Forss 
man antigens, unlike the substances demonstrable by the usual pre 
cipitin reaction, which closely parallel the position of the animals in the 
zoological system, are scattered among animals though more or less 
characteristic of certain ^oups of related speaes *’ 


” Possibly because the tests were earned out w th human B cells and human ^ 
agglutinins 

'For a \ery interesting review of this question Friedenreich Acta Pathol et 
hUcTohol Scand Supp 37 163 (1938) 

* Incidentally it may be mentioned that independent of the group strong hemoly 
*ms for sheep cells are found in the serum of intients with infectious mononucleosis 
in which condition they are of diagnostic value and in patients after injections of 
horse or rabbit serum [Paul and Bunnell Amer Jour Med Set 183 90 (1932) 
Davndsohn Sow Immunol 16 2S9 (1929) Schiff Jour Immunol 33 o05 
(1937)] 

"Landstemer The Specificity oj Serological Reactions p 55 (1936) 
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Forssman antigens have also been found in bacteria, such as Shiga 
dysentery bacilli, and certain strains of paratyphoid B bacilli and others 
By immunizing rabbits with paraty'phoid bacilli containing Forssman 
antigen, Eisler” obtained an immune serum which hemolyzed sheep 
blood, and agglutinated human blood of groups A and AB, but not of 
group 0 or B That the relationship between the antigens of the para- 
typhoid bacilli, sheep blood, and human blood A is not simple is evident 
from table 78, which summarizes some of Eisler's experiments 

Tabie 7S 


Serologicai, RELATlONsinP Between Certaix Strains or Paratypuoid B 
Bacilli, Sheep Blood, Comueroal Peptone, and Human Blood op Group A. 
(After Eisler) 
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• The reactions are attributable to the pepsin used in preparing the peptones 


Eisler” prepared an immune goal serum against dysentery bacilli, 
and found that it also agglutinated human blood Land'teiner and Le- 
vine** examined this serum and found riiat it reacted most intenselj 
with human blood of group O and subgroup A*, and therefore resembled 
in its specificity the atj^pica! human isoagglutinin, a. Since, as Schiff 
has shown,*’ Shiga dysentery bacilli absorb the anti-O (anti-Ai) agglu 

“Z/ic//r / /MmtmfaU 73. 392 (1931) 

^Zlschr J Immumtals 67: 39 (1930), 73* 37 (1931) 

'■Proc Soc Exp Bol and iftd 28; 309 (1930) 

“Schiff, Zlschr / Immumtati 82; 46 (1934). 
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tinms from Eisler’s goat serum, but do not absorb the anti O (anti As) 
agglutinins present m many normal animal sera, the effect obtained with 
Eisler’s serum was apparently caused by immunization and not due to 
natural agglutinins ** Recently, agglutinins acting on human blood of 
all groups were found to be formed on immunization of horses (but not 
rabbits) with pneumococci of type XIV 

The failure of certain rabbits to produce antibodies for A is due according to 
\\ itebsk) ** to the presence m their organs of substances related to the human A 
antigen on the general principle (bat as a rule antibodies are not formed ^hich act 

Table 79 


lumjsiZATioN or Rabbits with Huiian A Blood 
(After Thomsen) 
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* + Group — Three rabbits whose organs contain A substances 
— Group— Three rabbits lacking A substances 


on substances present in the body of the immunized animals Although exceptions 
ha\e been reported two tj^ies of rabbits can he recognized m general with respect 
to their response to A antigen** One group includes rabbits which lack (he antigen 
in (he tissues contain preformed anii A ag^utuiins m the serum and are capable of 
producing potent group-specihc antibodies upon immunization Rabbits of the second 


"Cf Hirszfeld Schwet’ Ztschr f aUg Path ti Bakt 1 23 (1938) 

” Finland and Curnen Science 87 417 (1938) Cf Hoagland Beeson and Goebel 
5cjrnce 88 261 (1938) 

’’Ztschr f ImmunitSts 59 139 (1928) 

“Cf Treibman Zlschr f Immtmilats 79 274 (1933) 

" Mai Zlschr / Jmmmilols 66 213 (1930) 

’ Dolter Zlschr j Immuntlals 4$ 93 (1925), Stuart Sawin Griffin and 

3\ heeler Jour Immurtol 31 31 (1936) 
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group ha\e the antigen :n the tissues and possess no preformed anti A agglutinins 
Whereas such rabbits formerly \sere considered incapable of producing immune 
specific anti A agglulimns the formation of low titered A antibodies in such rabbits 
has recently been demonstrated (cf table 70) WTieeler Sawin and Stuart*’ have 
shown that the presence or absence of preformed anti A agglutinins in the sera of 
normal rabbits is determined by heredity the property being transmitted as a simple 
Mendelian recessive Accordingly by suitable inbreeding a strain of rabbits has 
been obtained by these workers which is capable of forming rather regularly high 
titered anti A sera which al<o bemolyze sheep blood 

As js the case with the human agglutinogen A it has been found that 
a property resembling human agglutinogen B is present m a large num 
her of mammalians Thus, von Dungern and Hirszfeld" were the first 
to point out that the red blood cells of cattle and certain other animals 
can absorb human isoaggluttnin f} but not isoagglutimn a Land 
Steiner and Miller" reached similar conclusions by mahing agglutina 
tion tests with purified solutions of the human isoagglutinms These 
investigators found that isoagglutimn solutions prepared from group A 
serum gave distinct positive reactions with the bloods of rabbit, guinea 
pig rat mouse, cat, dog steer, donkey and pig while negative re 
actions were obtained vritli bloods from sheep horse goat pigeon 
chicken duck and goose Landsteiner and ^filler found that animals 
of the same species gave identical or practically identical reactions with 
the isoagglutimn solutions so that the reactions determined species 
rather than individual characters in animals ” They also pointed out 
that the agglutinable substance m animals’ blood is not identical with 
the human factor B, since anti human immune rabbit sera against 
human B blood does not act on the blood of animals which react with 
the purified isoagglutimn solutions 

As already mentioned Friedenreich and With*’ have shown (cf page 
292 ) that the human agglutinogen B behaves serologically as if it had 
a number of components Bi Bn, Bn all but one of which (B ) 
may be present in certain animal bloods The B agglutinogens from 
various animals species differ in the degree of resemblance to the 
human B agglutinogen and according to observations made b> Dahr “ 
the greater or lesser similarity is not correlated with the position in 
the zoological scale That the distribution of the B like agglutinogens 
IS not entirely random however, follows from the observations of 

"Thomsen Zlschr f Immunitats 87 33S (1936) 

“Jour Immunol 36 349 (1939) 

“Zlsclr j Immunitats 9 87 (J911) 

" Loc cil 

"Cf Thotn«cn and Kemp Zlschr / Immunitats 67 351 (1930) 

'•Ztsclr / Immunitats 78 152 (1933) Cf Dupont Arch internal de Med 
exp 9 133 (1934) Fisher Ztsekr / Jmmumtals 84 136 (1035) 

"Zlschr f Immunitats 91 211 (1937) 
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Landstemer and Miller (cf fig 67) that B like antigens were regularly 
present m the erythrocytes of the New World monkeys examined (20 
monkeys representing the following genera were test^ Cebus, Lago 
thnx, Ateles, Mycetes, Chrysothrix, Nyclipithecus, also representa 
tives from the families of marmosets and lemurs), while such antigens 
could not be demonstrated in the bloods of Old World monkeys (57 
monkeys from the following genera were tested Papio^ Cercopithecus, 
Cercocebus and Macacus) 



Fic 67 BtooD GsotP F-«croRS js Minanpiv Movkeis 
(M odified 4f(et Laodsteiner and MjUer) 

A = agglutinogen of human Group A red cells 

B *= agglutinogen of human Group B red cells 

Encircled B = agglutinogen similar to but not identical with B 

0 = blood and serum corresponding to human Group O 

Boxed A B ~ group substances corresponding to A and B in the tissues 

? = not examined 

In deer mice (genus Peromyscus) Cotlerman” found B like antigens 
present m some species (leucopus, maniculatus, poUonotus) and prac 
tically lacking in others (eremicus, nasutus, cnnitis, trueO From some 
preliminary observations on speaes crosses it seems that this species 
difference between bloods of deer mice with regard to the B like anti 
gens IS genetically determined 

According to a\’ailable data with only few exceptions the agglutinogens deter 
mining induidual differences m animal erjlhrocytcs are unrelated to the properties 
A and B o f human blood. The so-called agglutinogen A present m swine blood of 

" Personal communication. 
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group Ao 15 appareotl) somewhat related to the human agglutinogen A since human 
A blood absorbs the anti A agglutinins present in swine sera Oa although swine 
blood A only partly absorbs human anti A agglutinins {cf page 3a I) 

Herman'^ has reported certain obsenaUons which if corroborated would indicate 
that the properties A and B of horse blood are identical with the corresponding 
properties of human blood In a review of Hermans article Schermer*'’ flatly con- 
tradicts Herman s contention and Fnedenreich and Th>s«en s*> report supports the 
latter view On the other hand substances closely re'embling in serological tests 
the human group-specific properties A and B have been shown to occur in the sabva 
of certain hordes m high concentration (equivalent to their concentration in human 
saliva) ” Based upon the reactions given by saliva Fnedenreich and Tbyssen have 
divided horses into four groups 0 A B and AB similar to the human blood groups 
Among 52 hor«cs examined one belonged to group 0 44 to group A 3 to group B 
and 4 to group AB Substances reacting similarly to the group-specific substance 
A have also been found in the saliva of cattle and pigs 49 per cent of 8a cows and 
Sa pet cent of 60 pigs were found Fricdcnreich to possess the property A 
The group reactions of the salivas and sera from 21 cattle were studied for pur 
poses of companson with the behavior of similar material from monkeys*^ After 
absorption of the beteroagglutimns for human blood almost all the bovine sera w ere 
found to contain anti A agglutinins while about half had anti B agglutinins Only a 
few of the bovine salivas gave distinct inhibition reactions with human A and B 
sera and these did not appear to be related to the reactions of the corresponding 
bovine *era. Moreover two sera contained anti 0 agglutinins as well as anti A and 
anti D agglutinins which could hardly occur if the organs or blood of these cattle 
had group-substances identical with human 0 AorD Accordiogly cattle saliva and 
■era differ strikingly from similar malenal from monkeys yust as would be expected 
It is of interest to note that Hartmann** found that on the average the higher 
the inhibition titer of bovine saliva for human B <era the lower was the titer of the 
anti A agglutinins in the corresponding bovine serum In this respect there is a 
certain reciprocal relationship between group-<ub$tances in <aliv’a and group- 
agglulimns in the sera also in cattle 

THE AGGLUTINOGENS M AND N IN MONKEY AND APE BLOOD 
Apparently contradictory observations witb regard to the presence 
of M and N agglutinogens m monkev blood have been explained by 
differences among the and N agglutinins present in various anti 
human immune rabbit sera At present, it is definitely established that 

“Szymanowski SietkiewiczandWachlcr Coftpi tend Soc Biol 94 204 (1926) 

95 932 (1926) Hirszfeld and Halber Zlsebr / Immumtats 59 1 (1928) Szy 
manow'ki and Frendze! Zlschr / Immnmlalf 88 379 (1936) 

* Jour Immunol 31 347 (1936) 

'‘Deiitsch Zlschr } d JCJ fcnchtt Med Ref 29 158 (1937) 

CompI rend Soc Biol 126 801 (1937) 

"Brahn and Schiff A/m 11 ocA 8 1523 (1929) Fnedenreich and Thy ssen /or 
at 

“Uiener and Ferguson unpublished dKcrvatums 
“ Hartman Human Like A Anhiens in Cattle Copenhagen (1941) 

• Wiener Jour Immunol 34 87 (1038) Lancbtemer and Wiener Jour Im 
munol 33 19 (1937) 30 per cent of 58 anti M sera tested by W heeler and 'iluart 
[Jour Immunol 37 169 (1939)J were found to act on rhesus blood 
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properties serologically related to the agglutinogens M and N of human 
blood exist m chimpanzee blood,*® and M agglutinogens have also been 
found in the blood of orang utans, gibbons ** and in all species of Old 
World monkeys tested Also anti M immune sera could be produced by 
immunizing rabbits with the blood of M rhesus On the other hand 
reactions for or N have not been obtained with the blood of most 
New World monkeys or of lower animals such as cattle sheep, rabbits, 
guinea pigs, chickens etc ®* 

In table 80 are given the reactions which were obtained with 6 dif 
ferent anti hi testing fluids m tests with blood taken from a variety of 
monkey species It will be seen that the bloods of some species of 
monkeys can be distinguished by the differences m their reactions with 
the \arious hi fluids In general, more reactions were obtained with 
sera of higher titers but that the differences were not merely quantita 
tive was proved by titration and absorption tests (cf table 81) More 
over, there seems to be some correlation between the place in the 
zoological scale and the degree of similarity between the M substances 
m the blood of monkeys and that present m human M blood 

Tbe reactions outlined in table $1 may be most simply erpl^med by postulating the 
existence of at least two sorts of M agglulioins one acting exclusively on human M 
blood the other acting equally on human M and rhesus bloods When the reactions 
of the various testing duids with various species of apes and monkeys were 
compared at least six qualitatneb different anti AI agglutinins could be d ffer 
entiated 

The formation of qualitatively different anti M and anti N agglutinins on im 
munizing rabbits with human M and N blood respectw ely can be explained more 
reasonably by the production of more (ban one antibody m response (o a single 
antigen possibly but not necessarily due to the presence of discrete groups in the 
antigen molecule (Landsteinet) rather (ban by assuming the presence of se%eral 
discrete but not mendehzing antigens in human M and N blood (cf page 293) 

It IS evident that the studies on the M agglutinogens in the bloods of 
apes and monkeys provide further evidence of biochemical evolution 

Landstejner and Levine Jour Exp Med 47 757 (1928) ^\Jenc^ loc at 
Dahr Ztschr j Immumtals 90 376 (1937^ 

’Wiener loc at 

*'Landsteiner and Wiener loc at Dahr Ztschr f Rassenphysiol 6 143 

(1936) Wheeler and Stuart Jour Jnmunol 37 169 (1939) 

‘ Landsteiner and W lener loc at W heeler and Stuart [Jour Immunol 37 169 
(1939)] have also succeeded in producing antiM sera by injecting rhesus blood 
into rabbits Moreover when rhesus monkeys were injected with human M blood 
they faded to produce 'M agglutimns though they readily lormed species specific 
antibodies 

’’Landsteiner and Levine loc at Wiener unpublished observations Neither 
could Holzer demonstrate these properties m hver or kidney (issue of lower animals 
[Deulsck Ztschr f d ges gerschtl Med 26 SIS (1936)] although Dupont 
[Arch /«ler«al de Med Exper 9 133 (1934)] reported such results 
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Tabu^ 

JI AcGLtm\ocENs IN Monkev Blood 

Source of BJood I Ann >[ TestioB Fluid- 


Specimens 

MS 

Ml 

M2i 

MSS 

M2 

M82 

Human hi i 

+ + + 

+ + + 

+ + + 

-1-4- + 

+ +* 

+ +± 

Human N 

0 

0 

0 

0 


0 

Chimpanzee 

+ + + 

+ + + 

+++ 

+ + 

+ + + 

+ 

Old M orld monkejs 
(Ccrcopithecidae) 


i 





Sphinc Baboon 

' +++ 1 

+ + 

+++ , 

0 


0 

Drill Baboon 

, -1- + + 1 

+ + + 

++-». 

(+) 

(+) 1 

(+-^) 

Chacna Baboon 

' + + + 

+ + + 

+ 4- + 1 

0 

tr 

0 

M rhesus 

-t-h + 


+ + * 

(+±) 

j. 

0 

Java Macaque 

+ + + 


+ 4. 

1 0 

1 0 

0 

Soot) hlangabc) 

+ + + 

+ + + 

+ + + 

tr 

4- 

4- 

Green Monkey 

+ +■ + 

•}• + + 

1 ^ 

0 

0 

0 

New World monkeys 
(Plat^nhina) 


1 





\V hite Spider iIoake> 

+ + ± 

0 

0 

0 

0 

0 

Black Spider Monkey 

± 

0 

0 

tr 


0 

\\ ooly ilonkey 

0 

0 

(±) 

0 

0 

0 

BtowTi Ringtail 







(Capuchin Monkey) 

0 

0 

0 


0 

0 

Moss Monkey 

0 

0 

fit 



0 

Lemur 

0 

0 

0 

0 

0 

0 

Average Titer of 

Testing Fluids 

64 

64 

32 

24 

16 

16 


Of several species tno indiMdiiaL nere tested, of brown ringtails 4, of i/ar<ic»i 
rhtsus 4S 

Reactions placed in parentheses were found not to be removed b) absorbing the 
sera with human hi blood In addition there are a number of neaL reactions n hicb 
were not tested with human M blood but probably belong to the same category 

• These were prepared from the immune sera ui the usual wa>, b) diluting with 
«alineand then absorbing with paeVed human N cells (d chapter VIll) 

m addition to that supplied by the investigations on the blood group fac- 
tors (A and B), and on serum proteins** Thus, the M agglutinogens 
in ape bloods resemble the human M agglutinogen more closely than 
the M agglutinogens m monkey bloods do (cf table 80), and in several 
monkey sp^ies considered more distant from man attempts to demon- 
strate the presence of M agglutinogens have thus far been unsuccessful 

"Nuttall Blood ImmunUy and Bl^ Relatimsfiip Cambridge The University 
Press (15(M) 
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Table 81 

Reactions of Rhesus and Huhav Blood with Three Differevt JI Fluids 


Testing 

Blood 

1 Dilution of Testing Fluid 

Fluid 

of 

i ‘ ’ 

1 2 

1 4 

1 8 

1 16 

1 32 

1 64 

1 128 

Ml, Before 

Rhesus 

+++ 

+ + + 

+ + 

+ 

+ 

f tr 



Absorption 

Human M 

I+++ 

+ + + 

+ + + 

+ + + 

+ + 

+ 

+ ' 

- 

Ml, Absorbed 

Rhesus 







1 


with Rhesus Blood 

1 

Human 

1 + + + 

+ + + 

+ + 

+ 





Ml Absorbed 

Rhesus 





i 




with Human M | 
Blood ! 

Human M 




i 


1 



MS Before 

Rhesus 

+ + + 

+ + + 

+ + + 

1 

tr 


_ 


Absorption 

Human M 

+ + + 

+ + + 

+ + + 


+ + 

+ 

-■ 

i 

MS, Aosorbed 

Rhesus 

_ 








with Rhesus Blood 

Human M 

tr 

- 


, i 


i 



M5 Absorbed 

Rhesus 

_ 





1 



with Human 

M Blood 

Human M 

■ 





1 

1 



M82, Unab 



_ 







sorbed 



+ + + 

•f 

+ 

B 

1 - 




Among anthropoid apes, the M agglutinogen in chimpanzees has been 
found to be most like the human M agglutinogen, moreo%er, this is 
the only species in which N agglutinogens have thus far been demon 
strated ** Accordingly, these findings conform with the generally ac 
cepted view that the chimpanzee is the most man like of the anthropoid 
apes 


INDIVIDUAL DIFFERENCES IN ANIMAL BLOOD 
Methods of Demonstrating Individual Di§erences m the Blood of 
Animals In general the methods that are applied to demonstrate indi 
vidual differences m the blood of animals are the same as those used for 
human blood Thus, normal or immune heteroagglutinating sera®' may 
differentiate bloods of animals of the same species after the species 
specific agglutinins have been removed from the sera by absorption, 
** Wiener loc at , Landsteiner and Levine loc at 

“Also heterogenetie immune sera lja\e been successfully einplo>’ed for demon 
stratin^ individual differences la fowl Wood (cf page 352) 
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natural isoagglutinins have likewise sened to demonstrate individual 
diRerences among the bloods o! ammals ol the same speaes The 
method of attack that has been most successful is the use of immune 
isoantibodies (agglutinins and hemolysins) 

The first experiments along this line were made by Ehrlich and Mor 
genroth * shortly after the discovery of the human isoagglutinins These 
authors found that when one goal mas injected wath the bloods of other 
goats, immune isolysins appeared in its blood serum With the aid of 
these iso immune sera, a number of individual varieties of goats’ bloods 
could be distinguished By the same method, a number of investigators 
have demonstrated individual differences in the bloods of dogs cats 
rabbits, cattle, sheep, chickens and monkeys 

Another method of determining cellular individuality has been de«cribcd b> Invin 
and Hill®’ These investigators made several parabiotic unions between backcross 
h>brids during a study on h>bnduation between Peartneck and Ring doves W hereas 
no ivoagglutinins had been found previously in the Ring dove specie* or m ihe back 
cross bybnda il was found that each member of a pair of parabiotic twins developed 
antibodies against the ted cells of the other presumably on account of reciprocal 
immunizatioa 

/sooxg/ufmafton vt Lowr Ammals^* Isoagglutinalion occasionally of 
marked intensity, occurs wth the blood of certain lower animals (sheep 
pigs, cattle, horses) On the other hand, according to most investigators, 
in many animal species, such as lower monkeys rabbits gun ea pigs 
dogs, cats, mice and fish, isoagglutination reactions are either rare or 
entirel> absent Even in those species of lower animals in which iso 
agglutination reactions occur, these do not as a rule determine as 
sharply defined groups as in man and apes 

The reasons why bloods of lower ammals do not fall into sharply 
defined groups are the following Firstly, the reactions are often weak 
so that the contrast between positive and negative reactions may not be 
striking, secondly, the reciprocal relationship between the absence of 
agglutinogens and the pre'^nce of agglutinins often does not hold and 
finally, the variety of isoagglutinins is frequently greater than in man 
N’evertheless, on the basis of the strong reactions in certain «;pecies a 
division into groups has been «uggested^as wall be discussed later on 
Anthropoid Apes As has already been pointed out, with the leoaggluli 
nation reaction blood groups, indistinguishable from tho^e pre«ent in 
man, can be demonstrated in chimjxinaees orang utans and gibbons 
Iso immunization experiments on anthropoid apes, which might per 


Berlin klm Woch 33 453 (1900) 

" Proe Soc Exp Biol and iled 33 566 (1936) 

“ For 3 thorough review of this question see Thomsen Ifandbuch d(r Bhilimp 
penkunde,p 88 (1932), Sch3pei, Zeitschr ZSehtg 20 419 (1931) 
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mit inferences on the conditions m man^ have not yet been carried out 
Hmvever, Landsteiner and Levine** injected chimpanzees with human 
blood, and in addition to speaes specific agglutinins for human bJood 
noted the appearance m these animals of isoagglutmms that acted on 
certain chimpanzee bloods independently of the blood group 
Lower Monkeys No isoagglutmation reactions have been reported i\ith 
normal blood of lower monkeys (M rhesus *“ M cynomolgoiis^'^) With 
the aid of immune isoagglutinins, Fischer and Klinkhart’’ succeeded in 
demonstrating an agglutinogen in the blood of 26 out of 30 rhesus mon 
keys Jlonkeys not possessing the factor in question formed isoagglu 
tmins and isohemolysins against it when injected with suitable blood 
On the other hand, monkeys possessing the factor did not form anti 
bodies 

Cattle In this species, strong isoagglutmation reactions have been ob 
tamed with natural isoagglutinins, but it was found difficult to make a 
definite dassificabon into groups on that basis “ On the other hand 
the studies on cattle earned out with immune isoantibodies deserve spe 
cial consideration, since it was possible m this way to differentiate the 
blood of practically every individual 
In 1910 Todd and White** studied the sera of cattle which in the 
course of immunization for the production of cattle plague immune 
serum had been inoculated with large quantities of blood (2 to 4 liters) 
of other cattle These sera were found to be actively isolytic (but not 
autolytic), after the addition of guinea pig serum (to provide comple 
ment) A number of the more potent sera were pooled to form a mix 
ture which had the capacity of hemolysing all cattle blood M hen the 
pooled sera were exhausted with the blood of one ox it was possible 
by means of this reagent, to single out the absorbing blood from the 
bloods of 1 10 other cattle, since the absorbed sera actively hemolysed 
all bloods except the one used for absorption The only exceptions found 
were in genetically related animals Todd and ^\^llte concluded, there 
fore that in cattle the blood of each individual possesses specific char 
actenstics distinguishing it from the blood of any other unrelated in 
dividual 

One way to explain these results would be to assume the existence of 
a special agglutinogen in each individual blood Absorption w ith the 

“Jour Immunol 22 397 (1932) 

“Buchbinder Jour Immunol 25 33 (1933) t\iener unpublished observations 
etc 

* Fischer and Llmkhart Ztschr / /mmumlalr 75 513 (1932) 

“Fisbbein Jour Inf Dts 12 133 (t913) Hirsrfeld and Halber Zttchr f 

Immuntlats 59 17 (1928) Little Jour Immunol 17 377 391 (1929) etc 
"Proc Roy Soc B 82 416 (1910) 7o»r Ilyg 10 185 (1910) 

** This explanation would conflict with established genetic pnneiples 
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Table 82 

Illustrating the Mcouvism DeterulmnC the Ishiiidualiti 
or the Blood in AMU>ts 


PolyTa 


I 

Absorbed 



absorbed 
with blood 
of 

’ tmins in 
^ absorbcc 
sera 

1 1 
ABC 

2 

ABI 

I ^ 

>j ABI 

4 

ACE 

( 5 

ij ACE 

6 

ADE 

I 




1 ABC 

cle 

- 

-h 

( + 

+ 

+ 


1 - 


+ 

+ 

2 ABD 

cc 

+ 

- 

h 

+ 1 

-1- 

+ 

+ 

+ 

+ 

-1- 

3 ABE 

I 

1 + 

+ 

1- 

+ 

+ 

1 * 1 


* 

+ 

+ 

4 ACD 

be 

+ 


+ 

- 

D 

1 ^ 1 



4- 1 

+ 

5 ACE 

1 bd 

' + 

D 

5 

B 

B 



' A- 

-1 


6 ADC 

be 

+ 


S 

S 

D 

' 1 

+ 1 

+ 1 

+ 

+ 

7 BCD 

ae 

+ 

+ 1 


+ 

+ 

+ 1 


-f* 1 

+ 1 

+ 

S BCE 

ad 

+ 

+ 

■¥ 

-1- 

+ 

^ 1 

+ 1 

1 

+ 1 

+ 

9 BDE 

ac 


+ 

+ 

+ 

+ 

^1 

4- 1 

+ 1 



to CDE 

ab ] 

+ 1 

+ 

+ 

+ 


-1 

+ 1 

4| 

+ 1 

- 


blood of aoy gi\en individual would then remove only the corre-^ponding 
specific agglutinin This would entail the assumption of an immense 
number of speafic agglutinogen, and agglutinins The effect observed 
fa> Todd and ^\Tiite can be explained more reasonablj by assuming the 
existence of only a relati\ely small number of agglutinogens” forming 
various combinations m the bloods of the different cattle 

To illustrate the probable mechanism involved let us consider a b^Tiothctical ci 
penment with onlj ten different Wood, Suppose that the pol>vaIent «erum pre- 
pared b} cro s immunizing these animals agglutinates (or hemoljzes) the bloods 
of all len animals and that when the «enim is absorbed bj the blood of any of the 
animals until it no longer reacts with it it still retains its ability to react with the 
other nine bloods This effect can be eifdained b> assuming the existence of only 
five agglutinogens (cf table 81) Thus if the scrum containing agglutinins a bed 
e IS mued with blood No I containing agglutino^ns A ff C the agglutinins a b 
and c will be absorbed and d and c will remain unaffected Since aU the other nine 
blood» contain one or both of the agghilmogens D and B whereas blood No I con 
tains neither agglulmogen the «eruni will react with all the bloods except No 1 In a 


“Landstciner and Levine Pw Stfe Exp Btol and Mid 30 200 (1932) 
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simihr way the other reactions are obtained (In this hypothetical experiment, we 
have arbitrarily chosen bloods containing the same number of agglutinogens ) With 
larger numbers of agglutinogens, the number of indmdua! differences increases 
rapidly Thus, 20 different agglutinogens would give rise to as raan> as 200 000 
differently reacting bloods It is clear, therefore, that the assumption of a special 
agglutinogen for each blood to explain the results obtained by Todd and White, 
IS unnecessary 

In a series of fundamental investigations, Ferguson*® and Ferguson, 
Stormont and Irwin*'^ have identified a large number of unit factors 
m cattle erythrocytes determining individual differences in the blood 
of this species From isoimmune sera and immune rabbit sera, these 
workers have prepared thirty reagents, each specific for a different, 
presumably unit antigen They point out that if one assumes the thirty 
agglutinogens to be independent of each other, then their reagents 
would make possible classification of cattle into 2’® or over a billion 
distinct blood types Moreover, they remark that there is evidence for 
the existence of additional blood factors which would increase “the 
number of possible combinations to a staggering total not even ap 
preached by the national debt at the present writing, i e , beyond 
human comprehension ” It is not surprising, therefore, that in tests 
on hundreds of cattle with their 30 reagents, Ferguson, Stormont and 
Irwin have not yet found two animals, even among blood relatives 
(excluding identical twins) which gave completely identical reactions 

In heredity studies, every one of (he 30 agflutinofens proved to be inherited ss a 
simple mendeban dominant In a large series of matings (250 muings for the most 
recently discovered antifens, and more than 350 matings for those fust detected) 
not a Single animal was encountered which possessed an agglutinogen lacking from 
the blood of both its parents These heredity results furnish further evidence of the 
unit character of each of the 30 agglutinogens and at the same time demonstrate that 
none of them resulted from the complementary action of genes, such as have been 
shown to occur m species crosses in pigeons by Irwin (cf page 357), and within the 
species in chickens by Thomsen (cf page 354) Some of the agglutinogens have 
been found to have a serological relationship somewhat analogous, for example, to 
that existing between the properties A, and A* of human blood, which would tend to 
exclude the possibility that the antigens ate all inherited independently Obviously 
the 30 antigens can be put to very practical use in the cases of disputed parentage 
that sometimes arise in connection with the registration of cattle 

Many of the antisera were produced by weekly transfusions of a liter of blood 
from a cow to her dam, close Wood relatives being selected in order to reduce the 
number of antigenic differences belwcen donor and recipient In a few instances the 
immunized animal developed potent type specific isoantibodies not absorbable by, 
and therefore presumably lacking from the donor’s cells These, Ferguson, Stormont 
and Irwin have attributed to the non specific stimulating action of the transfusions 
S^eefi Isoagglutination and fsohemofysis of varying intensity and specificity have 


"yci/r /mmnnol 40' 213 (1941) 

” Jour.lmmunol 44: 247 (294?), »* „ ’ < t J 
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been observed with the blood of nonnal sheep** If only the stronger and more 
consistent reactions are considered sheep blood can be divided into three groups Ro 
0 anti R and Oo That the agglutinogen R of sheep blood is related to though not 
identical with the agglutinogen A of human blood follows from the fact that human 
A blood absorbs the agglutinin anti R of sheep 'erum bat sheep blood R only pii 
tially absorbs the human isoagglutimn anti A (cf page 342) Moreover Andersen*® 
has shown that the so-called agglutinogen R is not a single propert) but includes a 
group of serologically related substances analogous to the agglutinogens A, A, 
of human blood KacakowsLy * examined the bloods of 214 Iambs and their parents 
As IS showm in table 83 Ro is dominant over Oo and 0 anti R and 0 anti R is 
dominant (or epistatic) to Oo 

TABtE83 


Heredity of the Blood Gkol'ps in Siieep 
(\fter KaC2ko«vsk>) 


Parental* 

Combination 

1 Groups of Offspring 

Number of 
Offspring 

Ao 

Oo 

Oa 

AoxAo 1 

17 

2 1 

_ 

19 

Ao xOa 

13 

1 

— 1 

14 

AoxOo 

49 1 


1 

50 

OorXOa 

_ 

1 

6 

7 

OaxOo , 

— 

— 

19 

19 

OoxOo 


lOa , 

— 

105 

Totals 1 

1 ^ ) 

109 1 

26 1 

2U 


* \ and a in this table corre«pond to R and anti R m the text 


Todd and White ‘ were the first to demwistraie individual differences in sheep 
blood with the aid of immune isohemolysms. AndeKen succeeded in obtaining group- 
specific antibod es by immunuing rabbits with sheep blood and he found that these 
antibodies as well as the immune isoagglutimns were qualitatively different from the 
natural isoantibodics since the former defined indiv idual differences independent of 
the three groups Ro O anti R and Oo and were not ab'orbable bj human A blood 

As has been previously pointed out (cf page 339) certain rabbils on injection 
with, human A blood produce potent sbeep hemolysin® By suitable absorption te«ts 
Ander®en * was able to demonstrate that the sheep cell lysins m different anti \ 
immune rabbit sera are qualiiatnely different and that such 'era could be used for 
demonstrating individual differences in sheep blood Thus one scrum was ®ho»TJ to 
contain at least 5 qualitatively different sbeep lysins The reactions given by the 
sheep cell Ij 'ms in the anti A immune «cr3 were found to be «omewhat correlated with 
the groups Ro O aoti R and Oo 

**For a review of literature see Andersen Zlsehr / Rassenphyswl 7 171 

(1935) 

•Ztsefir S Rassenphyswl 10 88 (1938) 

"Compt rend Soc Bwl Pans 386 (1928) Proc Ro^ Soc Edm 48 10 
(J92-) 

’ Loc eil 

"Zlsehr / Rassenphysiol 10 104 (1938) 
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Horses As a rule isoagglutanahon reactions «i horses are considerablj weaker than 
jsoagglutination in man but m tests on 43 hor«es Hirszfeld and Przesmycki’* were 
able to distinguish four blood groups analogous to the groups in humans 

\\ hile most writers agree that horses can be classified m four groups on the basis 
of the isoagglutmation reactions many investigators’’ have found that a certain 
proportion of horses (S to 20 per cent) do not fit into such a classification This 
apparent discrepancy has been explained by Kaempffer * who described the occur 
rence of 6 pairs of agglutinogens and agglutinins in hor«e blood designated by him 
as A 3 B 3 C-^ D S E^e and F ^ respectively A reciprocal relationship between 
(he absence of agglutinogens and (he presence of agglutinins (analogous to Land 
Steiner s law of the blood groups in man) holds only for the first two factors whereas 
the other isoagglutmins though they are specific and occasionally of rather high titer 
are present in only a very small percentage of horses lacking the corresponding 
agglutinogen This accounts tor the apparent division into onl) four groups and at 
the same time for the variable number of exceptions to the four group scheme 
Kaempffer has studied the heredity of the agglutinogens A B C D E and F 
in 260 families of horses with 361 offspnng and finds that these properties are trans 
mitted as Mendelian dominants On the basis of his findings Kaempffer believes that 
blood grouping can be applied for determining non paternity in horses which may 
prove of practical value in checking the parentage of pedigreed horses Kaempffer 
found (hat in 123 artificially constructed cases of doubtful parentage nonpaternity 
could he established 39 times and in practice 2 out of 7 cases were solved 
Lehnert” has made an elaborate study of the individual blood differences in 
horses with the aid of i«oinimune sera He remarks (bat such sera gave more sat]> 
factory results than natural isoagglutinatmg sera becau<e of their higher titer The 
tests were earned out by the technics of isobemolysis (adding guinea pig comple 
ment) and isoagglutmation Lebnerl found that isoimmune sera were mo«t readily 
obtained for two major blood factors designated by him as A and B the situation 
in this regard being somewhat anologous to that existing m man These two factors 
determined four major blood groups but this situation is complicated by the exist 
ence of variations m the A and B receptors For example m his so called group A 
LehnerC claims to have identified a mam antigen and S partial receptors while m 
category B he asserts there are at least 3 sorts of receptors In addition Lehnert 
described three so called lysinogens and various minor isoagglutinogens in horse 
blood ^^hen jntergroup transfusions (eg A to B) were given severe and even 
fatal hemolytic reactions were observed not only in horses receiving repeated in 
jections but also occasionally at tbe very first transfusion and Lehnert ascribes the 
latter to tbe presence m the recipients of natural isoantibodies against A and B 
For further details the original monograph should be consulted 
Fin Knowfedge concerning indivufuaf bfooif rfitlerences m pigs is fimitecf at tlie 


’’Compt rend Soc Bwl Fans 89 1360(1923) 

'Similar results were obtained by Newdow [Zentralbl Biklenol Ref 90 Ij? 
(1928)] in tests on 1730 horses and Tbomoff [Arch Tterhetlk 1 433 (1930)] 
in tests on 100 hordes 

”Schermer Ztsckr j Immumlats 58 130 (1928) Schenner and Hofferber 
Ztschr / Immumtats 67 497 (1930) Herman Jour Immunol 31 347 (1936), 
etc 

"Dciilsch Ztschr j d ges gencktl iled 25 231 (1935) 

” Lehnert Em Beilrag :ur Aenntms der Blutlypen des Pferdes mil flilfe art 
etgenen, hochveriiger, gruppenspectfiseker Isommtmsera, 336 pages Uppsala (1939) 
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present time to the results of studies on isoagglulination On the basis of the isoag 
glutination jeactions pigs (like sheep) base been divided into three groups Ao Oa 
and Oo According to the literature this subdivision of pigs would seen to be sup- 
ported b> tests made on a total of more than 2000 animals * However, some recent 
studies on isoagglutination in pigs by Hardt^* indicate that the situation is probably 
far more complicated From his inv estigalioos it seems that there arc several different 
agglutinable properties m pig erythrocytes which can be detected by normal iso- 
agglutination. This author confirms the existence of bloods which contain neither 
agglutinogens nor agglutinins from which it follows that there is no reciprocal rela 
tionship between agglutinogens and aeglutimns in pig blood such as holds for the 
human blood groups 

KaempRer’" has studied the heredity of blood groups m pigs Since m his studies 
only three groups Oo Ao and Ox were (akeo into account his work may have 
to be re-interprelated m the bghl of the findings reported by Hardt 

Foicl ^\^lereas distinct isoagglutination reactions are only relatively 
rarely obtained with normal fowl blood,** individual differences in such 
blood can readily be demonstrated by other methods Thus Landsteiner 
and Jliller found that a large number of distinct agglutinogens could 
be demonstrated in the bloods of chickens (and ducks), by means of 
suitably diluted and absorbed anti fowl immune rabbit sera It is of 
interest to note that Landsteiner and Levine’* have found that one par 
Ucular type of fowl blood could readily be demonstrated with the aid 
of normal bovine sera whereas a second distinct type of blood was de 
fined by Forssman immune *era 

As has been shown by Todd,** however, still more striking results 
may be obtained by using isoimmune agglutinating sera In a manner 
similar to that described for cattle, the blood of any particular chicken 
can be differentiated from the bloods of other chickens 

Todd also oblained evidence that the agglutinable substances determining the 
individuality of chicken blood are inherited as Mendelian dominants just like the 
known human agglutinogens Thus in three families of chickens he found that if 
the polyvalent serum was absorbed with the bloods of both parents it lost the 
power to agglutinate the bloods of the offspring though retaining the power to 
agglutmate the bloods of unrelated chickens This rule was found to hold with only 
one exception among the offspring of the three families and this exception could 


*S>zmanowsk> Stetkiewica and Wachler C r See de Biol 94 204 (1926) 
Dohmann Das Budapest IWOref Zuchtungsiunde h US (193V) "Raempher 
Zlschr f tndukt Abstamm ii \ererbuiigs 61 261 (1932) etc 

”ZUehr / Rassenphyssol 9 178(1037) Akojrt Jeltmar Zlschr f Immum 
tats 65 288 (1930) Fishbein Jour Inf Diseases tZ 133 (1913) 

“£oc cst 

* Landsteiner and Miller Proc Soc ExP Biol and Med 22 100 (1924) Karsh 
ner Jour Lab and Clin Med 14 346 (J928) Shimidsu Tohoiu Jour Exp Med 
18 97 (1931) 

”Proc Soc Exp Bto! and Med 30 209 (1032) 

•‘Proc Of the Royal Soc B 20 (1930), 107 197 (1930) 
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be explained satisfactorily by the fact that tbc chick insohcd had been assigned to 
the wrong fanul> 

In an investigation b> Thomsen ** the heredity of individual diSetences in chickens 
was studied in 33 families wth 95 offspnng Confirming Todds results Thomsen 
found that when his poljwalent isoimraune «enim was exhausted with the bloods of 
both parents it no longer reacted with the bloods of the offspring except in three 
cases Thomsen explains these three exceptions by assuming the existence of agglu 
Imogens which are inherited as lectsswes** These findings of Thomsen may be com 
pared to the common case in humans of children of group 0 with parents both 
belonging to subgroup A| In such ca«es tests wnh an anti 0 (Oj) scrum would give 
positive reactions with the children s bloods but no reaction with the parents bloods 

B> analyzing Todd s results it is possible to construct a hypothesis estimating the 
number of different agglutinogens present m fowl blood and the mechanism of their 
heredity The polyvalent serum used by Todd was absorbed with the red blood cells 
of each member of each family until it no longer reacted with the absorbing blood 
The absorbed sera thus prepared were then tested against the bloods of every other 
member of the family The results as originally presented appeared very complicated 
but as the present author has pointed out** many of the bloods are similar and 
can be grouped together As an example the reactions in Todd s white familv are 
given in table S4 To be sure there appear to be a small percentage of inconsistencies 
but when the massive nature of (be investigation is realized especially since the tests 
did not allow of repetition the results are rather satisfactorily consistent Indeed 
two bloods ought to be identical if each absorbs all the agglutmins for the other like 
(he pairs mother and chick 24 and chicks 36 and 69 

As may be seen in tables 34 and 85 the 20 chickens of the white family fall into 
8 different types A hypothesis which satisfactorily explains the results obtained is 
given in the latter table The existence of 4 different agglutinogens ABC and D 
IS postulated According to tbe hypothesis the a<’glutinogens A B and C are in 
heriied by means of three corresponding allelic genes i B and C Agglutinogen D 
IS inherited independently of the other 3 agglutinogens by means of a single pair of 
genes D and d The father belonging to type ACD (genotype ACDd) produces 
4 different kinds of sperm in equal numbers namely AD Ad CD and Cd Similarly 
the mother produces four different kinds of ova BD Bd CD and Cd The types 
of ofispnng possible and the proportion expected of each tyT* are now readily 
determined as shown in table 85 The agreement between expectation and observation 
IS satisfactory 

Similar reasoning can be applied to the other two families of chickens stud c 1 
by Todd These results indicate that despite the high degree of individual specificity 
revealed by Todd s polyvalent sennii (he presence of only a relatively small numlier 
of different agglutinogens need be assumed Further evidence that the number of 
agglutuims and their corre'pond ng agglotinocens is not very high was derived from 
experiments in which chickens were inbred by brother sister matings " In this wav 
a family of 18 indivnduals was finally obtained each of whose blood gave identical 


"Ileredilas 19 243 (1934) 

“Similar observations have been reported by Boyd and Mley {Jour fleredily 
31 f3j (1933)] 

“Wiener Ztsclr f mdukt Abstamm u i ^rerbungstehre b6 3l (1933) Jour 
Gcnet«cs29 1 (1034) 

"Todd Proc Roy Soc B 117 3a8 (1935) Also see KozelU Jour Jmmunol 
24 519 (1933) 
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reactions both tn direct te«ts and in absorption tests wilh Todds pol>'valenl iso 
immune sera. 

In conclusion it should be pointed out that the heredity of agglulmogetis in 
chickens by means of multiple allelic penes is of particular interest because of the 
analogy to the occurrence of multiple allelic blood group genes in man 

Pigeons and Doves No reports have come to the authors attention 
%\hich deal directly viith individual blood differences m pure species 
of pigeons or dotes In hybrids, however, in a carefully planned and 
bnUiantly executed senes of experiments Irwin and his collaborators" 
have analysed individual blood differences 

As an example, let us consider the studies made on crosses between 
the domesticated Ring dove and an Asiatic species called Pearlneck 
Immune sera prepared by injecting rabbits with blood of either species 
agglutinated with practically equal intenaitj not only the blood used 
for immuniaation, but also blood from the other species and from the 
Ft hybrids resulting from crosses between the two species Such sera 
when absorbed with blood of the heterologous species until it no longer 
reacted with the absorbing blood, still agglutinated m high dilutions 
the homologous blood and also the Fj hybrid at about the same titer 
Moreover, practically all of the antibodies could be removed by absorb 
ing with blood of the Ft hybrid 

These results could be explained by assuming the presence m each 
species of dove of a number of antigens in the red cells some of which 
are shared by both species, others present m the cells of one but not 
the other Practicallj all of these agglutinogens being transmuted as 
Mendelian dominants and being present in the homozvgous form in 
the parent «species, these would according!) also occur in the hybrid 
In backcrosses of the Fj hjbnds with the Ring dove species agglu 
Imogens occurring only in Pearlneck doves segregated and by ana 
Ijsing the reactions of bloods from quarter Pearlnecks and one eighth 
Pearlnecks, Irwin found that there were at least 10 discrete agglutino 
gens characteristic of the Pearlneck species and not occurring in the 
Ringdoves In a similar way, by backcrossing F hjbrids to the Pearl 
neck doves, it could be shown that approximately the same number of 
agglutinogens were present in Ihe Ring doves but absent from the 
Pearlnecks In the back-crosses the independent •segregation of the 
genes determining these agglutinogens gave ri^e to multiple individual 
blood differences Taking only the agglutinogens present in the Pearl 


"Irwin and Cole lour Exp Zcot 73 8j 309 (1936) Irwm Cole and Gordon 
Jour Exp Zool 73 2SS (1936) Irwin and Cole Jour Immmol 33 (103") 

idem GcHe<i«2S 326 (1940) Irum Jour Gentt Zi 3S1 (193S) tdem Genetics 
24 "09 (1939) Cf expenments on moles bj Landstcincr and van der '^cbeer 
[Jour Immunol 9 213 221 (1924)] 
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neck but absent from the Ring do\es, 2*" different sorts of blood would 
be expected theoretically 

It may be added that Irwin noted m the F, hybrid blood 2 possibly more 
agglutinogens not present in either of the parent species To account for the ap 
pearance of these new agglutinogens one could postulate that each is determined 
by 2 epistatic genes only one of which is found in either parent species and m 
homozygous form 

More recently Cumley and Irwin** have reported the successful differentiation of 
Table 86 


HEREDrry of the Blood Groctps of Rabbits 
(After Castle and Keeler) 


Mating 

Number of Offspring of Group 

Totals 

0 

Hi 

Hs 


1 0X0 

7 

0 

0 

0 

7 

2 0XH*(het)* 

9 

0 

10 

0 

19 

3 OXHi 

0 

0 

15 

0 

15 

4 OxH, (bet) 

12 

9 

0 

0 

21 

5 OXHiH, 

(4) 

140 

J62 

(2) 

308 

6 Hs(het)XH,H, 

(2) 

45 

67 

40 

154 

7 HiXHiH, 

0 

0 

51 

52 

103 

8 IL(het)XHi(het) 

20 

13 

IS 

17 

65 

9 HiXH. 

0 

0 

0 

12 

12 

10 H,XHi(het) 

0 

0 

27 

35 

62 

U HiXH. 

0 

8 

0 

0 

8 

12 H, ChsDXHiH, 

0 

4 

2 

* 

14 

Totals 

54 

219 

349 

166 

788 


* Heteroz>gous 


sera from Pearlneck and Ring doves with the aid of suitably absorbed precipitating 
immune rabbit sera Aloreover tests with selected anti Pearlneck «era absorbed with 
Ring dos'e *eruni detected individual differences in serum from pigeons obtained 
by backcrossiDg Fj hybrids with Ring doves presumably due to segregation of 
genetically determined serum components derived from Pearlneck*® 

Rabbits Isoagglutination reactions have not been obtained with the 
blood of normal rabbits However, with the aid of immune iso 
antibodies *^ individual differences can be demonstrated in such blood 

Proc Soc Exp Biol and Med 44 353 (1940) 

“Cumley and Irwin Genetics 27 177 (1942), Irwin and Cumley Genetics 27 
228 (1942) 

"Snyder /our /mmutwl 9 45 (1924) Heischer ZUchr f Immumtats 49 
121 (1926) Veszecrky Btcchem Ztsckr 107 159 (1920), etc 

"Le\me and Landsteiner Jour Immunol 17 SS9 (1929) tbtd 21 SI3 (1931), 
Fischer and Klinkhart Arb Slaatstnst exp Ther Frankfurt 23 63 (1930), Marcus 
sen Ztschr / Immumtats 89 I (1936) etc 
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In this wa>, as manj as fi\e distinct agglutinogens have been iden 
tified 

Sera against two of the /he knonni agglutinogens of rabbit blood are obtained with 
relative ea«e and the four blood groups determined bv these two a^lutinogens (van 
Qusly designated as A and B and H, and kj and K, rc^clivel>) have been 
studied rather extensively Castle and Keeler** have studied the heredity of the four 
blood groups in rabbits (cf table 86) and their findings as well as the frequency 
distribution of the groups*’ can best be explained by postulating the existence of 
three allelic genes 11^ and O the recessive gene 0 being of infrequent occur 
fence in the random rabbit populations thus far examined As shown in table 86 onl} 
8 apparent exceptions to this theory were encountered among /88 rabbits and as 
Castle and Keeler suggest they were probably caused by technical errors which may 
well be expected considering the difficulties in typing rabbit blood On the whole 
there is a remarkable analogy between the beredity of the blood groups in rabbits 
and in mao 

Castle and Keeler* have also searched for a possible genetic relationship between 
the four blood groups and v'anous mutant genes m rabbits Tests for linkage between 
the Wood groups and five distinct pairs of genes lying in five different chromosomes 
all yielded negative results 

iltce As has already been mentioned isoagglutination reactions do not 
occur with mouse blood ** Howeter, Gorer” has succeeded in demon 
stratiQg the existence of three different agglutinogens in mou«e erythro* 
cytes vrith immune rabbu sera for mouse blood 

The considerable technical obstacle offered by the <m3ll size of this animal was 
overcome by the following cleverly planned expenment By using three different 
strains of mice which had been brother sister inbred for more than twenty genera 
tions Gorer was able to deal w-ilb slocks practically homogeneous geneticail) The 
pooled blood taken from mice of the same strain could therefore be treated I ke 
blood from a single individual Tfaus Gorer was able to obtain sufficient blood of 
each variety for the required immunisKionsand absorptions Although normal rabbit 
sera were found to react with mouse blood they d d not differentiate between the 
three different mouse lines On the other hand using suitably diluted and absorbed 


"Fischer Ztsehr f Immunilals 86 97 (1935) 

*'Froe A at Acad Sci 19 92 (1933) 

"\ery few rabbits of group O have been encountered among random series of 
rabbits thus far examined 

" Castle and Keeler believe this explanation of vbeir exceptions more plausible 
than the assumption of non disjimction or heredity by means of 2 c!o«el) linked 
pairs of genes (cf page 185) 

"froc ^at Acad Set 19 98 (1933) In a recent study on the hered ty of the 
agglutinogens H, and H. in rabbits on a total of 114s off'pnng Knopfmacher 
[Jour Immunol 44 121 (1942)] ob«erved excellent agreement with the theory of 
three allelic genes 

"MacDowell and Hubbard Prac Soe Exper Bw! and \T(d 20 93 (1922) Nor 
did Boyd and Ualker [Jour Immunol 26 435 (1934)] succeed in demonstrating 
individual differences in mouse blood with unmune isoagglutimns 

^Bnl Jour ExP Path 17 42 (1936) ibtd 18 31 (1937) 
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immune rabbit sera blood ol mice from any strain could be differentiated from 
blood of mice from either of the other t«o strains 

In addition to the three agglutinogens demonstrable 'Mth immune rabbit sera a 
fourth individual property can be demonstrated in mouse blood by making tests Mith 
certain norma! human sera 

Gorer has found that al( four agglutinable properties of mouse blood are inherited 
as simple Mendelian dominants 

Rais Most investigators have been unable to demonstrate isoagglutination m this 
species and among 2000 cross tests with bloods from tame rats Friedbei^r and 
Tasloko\a'®* obser\ed agglutination in only 2 instances However these investigators 
found isoagglutiDins frequently in the sera of wild rats The isoagglutinins were of 
four sorts and determined four corresponding agglutinogens m rat corpuscles 
By injecting rats resistant to Jensen rat sarcoma with the tumor or with the 
organs or erythrocytes of susceptible rats Lumsden’®* induced tbe formation of 
immune isohemagglulmins which defined a type of rat blood 

With the aid of natural and immune isoagglutinins Burhoe’®* has identified two 
agglutinogens in rat blood which are inherited independently of one another and 
determine four types of rat blood The relationship of these agglutinogens to the 
one described by Lumsden was not determmed 

Dogs While distinct isoagglutination does not occur with normal dog 
blood using iso immune sera, von Dungern and Hirszfeld,*®* and 
Brokman,”* were able to establish the existence of two agglutinogens m 
dog blood, giving rise to four blood groups The existence of individual 
differences in dog blood has been confirmed m the course of plasma 
pheresis experiments 

Individual Differences in the Blood of Some Other Animals Mo or only 
indistinct isoagglutination reactions have been obtained with the blood 
of cats,”* guinea pigs,”* cod fish frogs and snakes An at 
tempt to demonstrate individual blood differences m guinea pigs with 
the aid of immune isoantibodies and normal heteroagglutinins was un 

'"Jour Genelicf 32 17 (1936) 

" Zischr f Immumtats 59 271 (1923) 

"" Amer Jour oj Cancer 32 395 (1938) 

*“ Personal communication 

‘“von Dungern and Hirszfeld Ztschr / Immumlals 4 S31 (1910) Often 

berg Fr.vA'aan snd hdksi/ NV PsJh JJ 4P (1911) etc 

“ Loc at 

’^ZUehr / Imtnurutals 9 87 (1911) 

■"Wtight Proc Soc ExP Biot and Med 34 440 (1936) Melnick Burack ana 
Cogwell Proc Soc Exp Biol and Med 33 616 (1936) tbid 36 697 (1937) 
“Ingebrigsten Jour Exp iJed 16 169 (1912) Munch med Hock p 1475 
(1912) 

‘"Hektoen Jour Inf Dts 4 287 (1907) Weszeceky Biockem Ztsckr 107 
150 (1920) Fleischer Ztschr f Immtmitais 49 121 (1926) etc 
"Jensen Ztschr j RassenphysioU 9 22 (1937) 

Fishbein Jour Jnf Dts 12 133 (1913) 

*’ do Amaral and \ KlobusiUky Ztschr J Immumtats 77 31S (1932) Bond 
Jour Immunol 36 1 (1939) 
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successful "* In experiments made by Ottenberg and Thalhimer,"* 
immune isoantibodies v,ere formed after repeated transfusions in cats 
so that further transfusion from the same donor resulted m severe or 
even fatal hemoljdic reactions 

RELATIONSHIP BETVV’EEN INOIVTOUAL AVD SPECIES SPECIFIC 
PROPERTIES OP BLOOD CELLS 

The species specific properties of erythrocytes are apparently due in 
part to protein constituents of the cells, but there are other species 
specific reactions e g , those related to the Forssman antigen, that are 
similar in their serological and chemical behavior to the individuality 
reactions (Landsteiner and van der Scheer"*) The close relationship 
between species specific antigens and those determining individual dif 
ferences is seen from the fact that reactions which determine individual 
blood differences in one species may be obtained with the blood of all 
members of a different species For example, the reaction which the 
agglutinogen A has in common with sheep blood (cf page 31) is not 
obtained with human blood of group B or group 0, m sheep on the 
other hand, it is «hared by all members of the species Other examples 
are the presence of antigens Bn, B i in the blood of all rabbits cattle 
cats, etc,*‘* whereas in man these properties are restricted to indi 
viduals of groups B and AB, and (he observation that in Rhesus 
monkeys which have been found to possess M agglutinogens, the blood 
of all members of the species gave identical reactions 

In this regard, ob-^ervations made by Irwin’** on the blood of pigeons 
and doves are of significance This investigator found that each species 
studied was apparently homozygous for a number of species specific 
agglutinogens, which in the second hybrid generation gave ri®e to in 
dlv^dual differences These findings confirm the impression that there 
is no sharp line of demarcation between the serological species and 
individual reactions of erythrocytes They also may have <ome bearing 
on the question how individual differences arose m man and animals ’ * 

’Bo>dand\\aIkcr /<iKr /mmano/ 26 433 (1914) W leaer unpublished rxperi 
meuts 

"Jour lUd Ret 33 213 (1915) 

’"yoiir Exp Med 42 123 (1925) 

*“• Cj Landsleiner Specificsly of Serolopcal Reactions Charles C Thomas 
‘'pimgficld 111 (1936) 

“son Dungera and Ilirsafeld ZUehr J Immumtats 9 87 (1911) Thomsen 
and Kemp Ztschr } Immumtats 67 251 (1930) 

"Landsteiner and Uitner loe ett 

" Iroin and Cole /oar Z«wl 73 85 309 (1936) Irwin Cole and Gordon 
Jour Exp Zool 73 285 (1936) Irwin and Cole Jotir Immimol 33 355 (1937) 
*Cf Landsteiner and Miller Jour Exp Med 42 862 (1925) Tora discusMon 
of the nature of interspecific diflercnccs in general see Haldane Eiolulion Essajs 
presented to E S Goodnch (1938) 
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BLOOD GROUPS AND DISEASE TISSUE 
TRANSPLANTATION RH FACTOR IN 
ERYTHROBLASTOSIS FETALIS 

Blood Groups and Grafts By far the most important application of 
blood grouping m clinical medicine is for the selection of donors for 
blood transfusion This subject has been presented m detail in several of 
the preceding chapters 

A number of writers have stated that blood transfusion is really a 
form of tissue transplantation, so that blood transfusion could well be 
termed “blood grafting ’ From this viewpoint, it has been suggested 
that blood grouping should also be of value m selecting donors for tissue 
grafting, and particularly for skin grafting 
Our knowledge of transplantation is based largely on experiments 
performed upon animals (Loeb * Mann*), in which attempts have been 
made to transplant pieces of tissue, or even entire organs, such as the 
thyroid gland, kidney, heart, etc It has been found that autotransplan 
tation IS generally successful, whereas heterotransplantation (grafting 
of tissue from one animal into another animal of a di^erent species) 
does not succeed except in low animals Homotransplantation (grafting 
between animals of the same speaes) also fails, as a rule, although the 
grafts survive for a longer period than heterotransplants Homotrans 
plantation is occasionally successful however, particularly when per 
formed between close blood relatives ’ 

A number of investigators have suggested that these results may be 
correlated with the knowm serological differences of the blood * There 
IS no doubt that the failure of heterotransplantation is dependent upon 
biochemical species speaficity, and it is very likely that the results 
of homotran5filaDj3Jjcoj may have a aumlax basis In this connection, 
Todd’s* observations on cattle and fowl are pertinent, in which he found 
that blood of any individual could be differentiated from the bloods of 

‘Physiol Rev 10 547 616 (1930) 

* Ltbtnan s Anntv Fo/«meJ, Inteinat Press New\orfc 2 757 (1932) 

’Schone Dieketeroplastischeuttdhomo^asUsokeTransplarttalion Berlm (1912), 

Iseuhof, The Transplantation oj Tissues, New York (1923) 

*Sha%\an Amer Jour iled Set 167 503 (1919), Landstemer Science 73 403 
(1931), Loeb loc at , Todd Proc Roy Soc B 20 (1930) 

* Loc at However see KozelLa Pkystol Zool 6 159 (1933), Haddow Jour 
Path and Bad 39 345 (1934) 
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all other individuals in the same speaes, which were not blood relatives 
In man, most observations on tissue transplantation base been con 
cerned ^Mth skin grafting from one individual to another That the 
blood groups play a part in the failure of these grafts is suggested by the 
observation that the group specific substances are present m practically 
e\ery tissue of the body Some surgeons (Shan an,* Kubanyi,' Baldwin,* 
Schnarzmann,® etc ) claim that there actually js a definite connection 
between the results of grafts and compatibility of the blood Shawan 
e\en states that he had 100 per cent successful grafts when the donors 
of the grafts were selected on the basis of compatibility of the blood On 
the other hand, many surgeons (Lc’cer,” Schone” Holman,” etc) 
absolutely denj that skin grafting can be successfully performed be 
tween two different human beings, e\en when the donors are selected by 
blood grouping tests These conflicting opinions can perhaps be ex 
plained by differences in technic or by the fact that grafts which take 
at first may finally be cast off, even after a long period of time ” so that 
unless observations are carried out over an extended period it may 
incorrectly be assumed that the transplant will permanently survive 
One may conclude from these observations that whereas the blood 
group difl’erences may be of some importance, they are certainly not 
the sole deciding factor," otherwise, the problem of tissue tran'planta 
tion in man would be entirely solved Furthermore, in those ar mals in 
which isoagglutination is absent, homotransplantation should be more 
successful than it actually is 

However, tissue grafting cannot be considered strictly analogous to 
blood transfusion In blood transfusion, the sole requirement is that the 
transfused blood survive and function for a limited period of time 
whereas in grafting the tissue must survive indefinitely 
For this reason, it is to be expected that m addition to the differ 
ences demonslTable with isoagglulmms, others, even when of a minor 
order, will influence the outcome of grafting " 

*Loc cit 

'Arch / khn Chvurg 129 644 (192^) 

' Med Record 686 (1920) 

' IW*. 

''hczcT, Die freien Transplanlabon Stuttgart (1919) 

" Loc cit 

“5«/-g,Gyn andObstZS 100 (1924) 

"Schonc, loc ctl , Lexer, Arch / klin Chtr 95 827 (1911) 

"Jelitiski believes that even if sloughing of the grafted tissue is unavoidable 
blood grouping may be of some value since with compatible transplants sloughing 
seems to be debj'cd and a more favorable re«ult may be obtained because cell 
proliferation from the edges of the wound is enhanced [Aot Chinirgislicsk Archiv 
3 590 (1923)1 

"Transplantation of tissue from one roember of a pair of identical twins to ihe 
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Direct evidence of the importance of individual blood differences for 
transplantation of tumors has recently been furnished by Gorer This 
investigator studied three pure lines of mice, obtained by brother 
sister matings for twenty generations (cf page 358) A sarcoma which 
arose in one of the pure lines was found to be transferable to all other 
members of the line and certain hybrids derived from it, but not to 
unrelated mice Genetic investigation showed that two (possibly three) 
dominant genes had to be present in the host or the tumor would 
regress One of the genes corresponded with that determining the 
presence of an agglutinogen present m the blood of normal mice of 
the strain in which the tumor arose Further e\idence of the relation 
of this agglutinogen to the survival of the transplants was the appear 
ance of isoagglutinms for blood containing the agglutinogen, m the 
sera of mice in which the tumor had recently regressed However, 
while in Gorer’s experiments individual blood differences affected the 
survival of the transplant, there were other genetic factors of an 
unknown nature which likewise played an important role 
Blood Croups and Pathology It is well established that isoagglutina 
tion (and also isohemolysis) is in no way dependent upon disease But 
many ivriters have asserted that persons belonging to certain blood 
groups are more likely to contract certain diseases, and that the course 
of the disease is different in the various groups If this opinion were 
correct, one ‘nould expect to find that the distribution of the blood 
groups among individuals suffering from the disease in question differs 
significantly from the distribution in the general population Reliable 
investigators’^ have failed to find any evidence of such a correlation 
(cf table 87), and believe it unbkely that the blood groups of an 
individual does influence the occurrence or course of any disease in 
that individual 

In the statistics which have been alleged to demonstrate differences 
in the blood group distribution among healthy indmduals and among 
individuals suffering from certain diseases in many cases the number 
of individuals examined was small so that the differences found nere 

other IS equnalent to autotransplaBtaUon and should therefore a priori be sue 
cessful Such a case has been reported by Bauer [Brims' Beitr zur kUn CInr 141 
442 (1927)] 

”/oar Folk and Bact 44 691 (1937) tbid 47 231 (1938) Also see the re 
cent report by Lumsden Jour CaneerZ2 39a (1938)] describing transplanta 

tion experiments with Jensen rat sarcoma in rats 

” Snyder Blood Grouping in Relatton to Leg<B attd Clxmeal iJedtetne, Baltimore 
(1929) Sievers Rtnskt LakaretedUk Hand! 71 636 (1929) Streng and Ryti 
Acta Soc tned Fenu "Duodeem ’ 8 6 (1927) Anuel and Halber Ztschr / Jm- 
mumtals 42 89 (192a) SaleL Ztschr J Immumtats 74 280 (1932), iloureau 
Rev beige desSci Wd \o\ VII (1935) Muslakanio Acta Soc Med Fenn Duo 
decim’20A No 2 (1937) etc 
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Table S7 


Disiribctiov of the Blood Gsodps is Health avd is Sojxe Pathologic 
Conditions (After Snyder) 


Condition 

1 

Number 
Studied 1 

1 Per Cent in Group 

0 1 

A 

B 

AB 

Normal 

20 000 

45 

41 

10 

4 

Dementia praecoi 

200 

45 

42 

9 

4 

Epilepsy 

ISO 

48 

40 


2 

Feeble mindedness 

1 300 

44 

42 

, 

' 10 

4 

Alalana 

too 

47 

' 30 

18 

5 

Syphilis 

1 100 

44 

1 -*2 

8 

6 

Migraine 

500 

47 

' 30 


6 


not significant (cf page 170) In other cases evidently the technic was 
at fault, as m the studies of Feldmann and Elmanowitsch ” who found 
a high percentage of group AB m 815 cases of mental disease (in paretic 
patients as h gh as 33 per cent) In some studies where apparently a 
reliable technic was used the differences found though small were 
statistically significant Thus according to the results obtained bv cer 
tain Russian investigators (cf table 8$), it would seem that ina viduals 
of group 0 are less likely to contract malaria than mdividuals of group 
AB (orgroupB) However,thestatistica1correlalionobsen.edmayalso 
be explained m the following manner 
It has been shown that the distribution of the blood groups and the 
susceptibility to certain diseases varies m different races l^t us sup 


Table 88 

Blood Groups and Malaria (Russian Authors) 
(A/lcr Lattes) 





Per Cent m Group 



Studied 

O 

A 

1 ^ 1 

AD 

Normal 

13 484 

33 5 

37 9 ' 

21 3 1 

7 3 

^falana I 

4 397 

27 5 

37 9 

22 8 1 

11 8 


pose that a certain race having a higher incidence of the disease in 
question and having a high frequency of group AB (and group B) is 
mixed with a race relatively resictant to the disease and with a rela 
lively low frequency of group AB (and group B) In the mixed popula 


ifed Bial Jour 1 2 12j (1925) 
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,n it will be found that the frequency of group AB (and gt^P B) 
h’tgter among diseased individuals than m the general P°P"'ation 
hus*a correlation would obtain, just as in the investigations cited 
,ove It the resistant race contained mainly blue-eyed 
,e susceptible race mainly broivn eyed individuals, it would be found 


Table 89 


AOOLlITIUOOEhS M AND N M MeUIAL DISEASE 
(After Herman and Derby) 


==— 

Frequencies ot Blood Types* | 

Number of 
Individuals 

Diagnosis 

M 


MN 

Examined 



385 

9S0 

1905 

>inttol Senes 

29 9+0 7 

20 2 +0 6 



Dementia fObserved 
Praecox \Difierence 

28 2±1 4 
-1 7±1 6 

22 2 + 1 2 
+2 0±1 4 

49 6±1 5 
-0 3±1 ^ 

508 

Manic fObserved 

Depressive \Difference 

32 9 + 2 3 
+3 0±2 4 

21 8±2 0 
+ 1 6 + 2 1 

45 2+2 4 
-4 7±2 6 

188 

General fObserved 

Paresis \Difference 

31 1±1 9 

+ 1 A* ±2 0 

21 2±1 7 
+ 1 0 + 1 8 

47 6±2 0 
-2 2±2 2 

273 

Cerebral 

Arterio fObserved | 

sclerosis with \Difference 
Psychosis 

27 7 ±2 0 
-2 2±2 i 

22 3 + 1 9 , 
+2 l±t 0 

50 0±2 3 
+0 1±2 S 

224 

160 

Involutional (Observed 

30 6 ±2 5 

16 9±2 0 
-3 3+2 1 

52 5±2 7 
+2 6 + 2 9 

Psychosis \Differeiice 


496 

Unckrsilied 

28 2±1 4 
-1 7+1 6 

23 4±1 2 
+3 2 + 1 3 

48 4±1 5 
-1 S±1 7 

Mental Dis 

easem (Observed 

general \Difference 

29 3±0 7 
-0 6±1 0 

21 9±0 7 
+1 7±0 9 

48 8 + 0 8 
-1 1 + 1 1 

1849 


• Figure Moving ± sign represents probable error. 


n the mixed population that how ever, that for this 

:tmn r^c:for'’7;L^;erhV a direct relaUonship to the suscepti- 
lihty of an individual to malaria correlation between blood 

It IS significant that whenever a , observations could not be 

groups and diseases has been reported, the observa 
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confirmed by laler investigators ITius, for general paresis one author 
reported an increase in group AB,” a second an increase m group B 
and group AB *® and a third a predominance of group A whereas the 
\asi majority of authors” failed to find any difference at all 

In a recent studj by Herman and Derby** in which the distnbution of the blood 
groups in 1849 patients with mental disease was compared with the distribution of 
the groups in control «ene5 of 1444 indixiduals no significant difference in the distri 
bulion of the blood groups was found either in general paresis or in any other mental 
disease or in the combined senes of patients snth mental disease m general In this 
connection it might be mentioned that the alleged correlation recently reported be 
tween blood groups and susceptibility to poliomyelitis has been criticued by Schifi ** 
Studies of Ibis sort are atiU being made and a perusal of the hteralure of the past 
few >ear5 reseals attempts to establish a relationship between blood groups and 
duration of life or diseases as diverse as dental canes psjchosis «kin diseases bone 
and joint tuberculosis etc 

In recent years these im estigatioos have been extended to the dis 
tribution of the agglutinogens M and N m health and disease Herman 
and Derby** found no correlation between mental disease and the AI N 
types, whether the various mental diseases were considered individually 
or together (cf table 89) In a study by Moureau,** in which 3100 
normal individuals and almost 1000 sick persons were tested there was 
no correlation between the M N types and tuberculosis syphilis cancer 
or mental disease, and MuslakalUo,” who tested the bloods of 2424 
normal and 4389 sick persons, observed no significant difierence m the 
distribution of the M N tjfies lo a wide variety of diseases Moureau 
and Mustakallio, moreover, found no significant difference in the dis 
tribution of the types in the two sexes (confirming Landsteiner and 
Levine’s original observations) or in different age groups In the senes 
examined by Mustakallio, tests were also made for the subgroups of 
group A and group AB, and here again the findings were negative 


”t\ilc2Lowski Khrt Moch 6 168 (1927) 

•Gundel Uurtch med Uoch 75 1337 (1928) Perkel and Israelson Dermatol 
Ztsckr 54 261 (1928) 

“Kaiex’arow Psych Clui Vnit No 2 144(1928) 

" For literature Thomas and Ilcwjtt Jour ilentai Sei 85 66 (1939) 

“Jour Immunol 33 87 (1937) tVilh regard to the titer of the isoaggluiinins 
in mental diseases (cf page 375) see Suomincn icta Soc iled Penn 14 No 2 
(1932) Thomas and Hewitt loc at 

“KUn \\och 14 786 (193S) 

“Jour Immunol 33 87 (1937) Also fee niomas and Hewitt Jour Mental 
Saenee 85 667 (1939) 

“Ret beige des Sa Med 7 (1935) 

“AetaSoe iled Fenn Duodeam 20 No 2 (1937) Also Cardozo Arch 
Inl iled 60 623 (1937) 
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Heterospeafic Pregnancy A nuraber of the earlier t^orkers on blood 
grouping suggested that ‘ heteroq)ecific pregnancy,’ that is, blood 
group incompatibility between mother and fetus might give rise to 
morbid conditions in the mother and infant, but these theories were 
abandoned when statistical analysis of the available data failed to 
support them Since some of these ideas have recently been revived by 
Levine** it was considered desirable to review them here 

As long ago as 1903 Dienst** pointed out the similarity between the s>Tnptom5 
and post mortem findings in eclampsia and in hemolytic transfusion reactions He 
suggested that the abrupt onset of symptoms in eclampsia was due to the sudden 
formation of a gross defect in (he placenta and the resulting transfusion into the 
mother of incompatible feta! blood However Dienst^® himself abandoned this 
h>pothe5is when he found that eclampsia also occuned where the bloods of mother 
and fetus were compatible The tbeor> was then forgotten until taken up again by 
McQuarne*‘ in 1923 who proposed it as an explanation not only of eclampsia but 
also of toxemia in pregnancy Oftenberg** developed the hypothesis further by 
proposing that in cases of toxemia a more or less cootmuous leakage of fetal blood 
occurs during pregnancy into the maternal circulation with resulting isoimmuniza 
tion Howe\er the theory that heterospecific pregnancy was responsible for eclampsia 
or toxemia in the molhet was abandoned for lack of evidence and the etiology of 
these conditions remains unknown to the present time 

In view of the permeability of the human placenta to maternal 
antibodies (cf page 25), Hirszfeld** suggested that in heterospecific 
pregnancy the fetus tn utero might be damaged m this way On the 
other hand, certain mechanisms tend to protect the fetus from the 
maternal isoantibodies, such as the low sensitivity of the fetal erythro 
cytes” to the action of the isoantibodies (cf page 21), and the pres 
ence of group substances in the amniotic fluid and organs (at least of 
secretors) As already mentioned, moreover, the placenta seems to be 
a neutral zone (cf page 273) as far as group substances are concerned 
and Hirzsfeld and Zborowski** have noted a marked drop in the titer 

*11 est Jour Surg Obst and Gyn 50 468 (1942) 

"’Zenlrabl f Gynak No 21 651 (IVOs) 

} C)fiAb dS‘ yit (}90S} 

” Bull Johns Hopkins Hasp 34 51 (1923) 

Jour Amer Med Assoc 81 29s (1923) 

"In the hypothesis discussed only the reaction of the maternal isoantibodies 
with the fetal blood was considered. The possibility that fetal isoantibodies might 
act on the maternal blood cells is excluded since the capacity to form antibodies is 
not developed during fetal life all antibodies present at birth being derii'ed from the 
mother by filtration through the pbcenU (cf page 23) 

** Komtilulionsserologte und Blutgruppenforsckung p 78 (1928) 

“^Vlth potent antisera however the presence of agglutinogens m fetal blood is 
readily demonstrated as early as the fourth or fifth month of intrauterine life 
- Khft If och 4 1152 (2925) iM S 77 (1926) 
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of the maternal isoagglutimns (or e\ea complete absence of isoagglu 
tinins) rn retroplacental blood 

As e\idence that heterospecific pregnancies may produce morbid 
proceS'ses in the child, Hirszfeld and ZborowsLi presented data pur 
porting to show that m such pregnancies the average ueight of the new 
born child is less than m homospccific pregnancy Furthermore, Hirsz 
feld claimed that contrary to what would be expected on the basis of 
simple hereditary probabalities, the mother s group occurred more fre 
quently in the child than the fathers Similarly disharmony of the 
blood groups of man and wife has been proposed as a cause of sterility 
or diminished fertility In a critical statistical analysis of the available 
data, Koller’ demonstrated that the results are not adequate to prove 
the hypothesis that heterospecific pregnancy has harmful effects on the 
fetus Recently, Hirszfeld” himself has retracted his hypothesis stating 
that while his earlier statistics appeared to support his ideas those 
accumulated since 1934 have failed to do so 

It has been calculated that if ibe effect of heterospecific pregnanc> were suffi 
ciently pronounced to bring about a noticeable effect in a single generation then in 
the course o! thousands of generations all mdniduaU should e%entuatly betoog to 
the same blood group’* The fact that with only a few exceptions all four groups 
are represented in populations lo different parts of the world (cf tabic 6 ) contra 
diets this assumption To be sure it is possible that a \ery small number of feta] 
deaths is due to this mechaoism but if so these must be too few to be detertable*** 
by the analysis of ordinary family data though sufficient to have had an appreciable 
effect on the distnbulion of the blood groups in man over a long period of time (cf 
page 372) On the other hand the discrepancies noted in the ordnary family data 
can be ascribed more reasonabl) to chance (consider ng for examp e that as many 
as one out of 64 families with 6 children in which the father belongs to group A 
and the mother lo group 0 would be expected to have onl> group 0 children) errors 
m technic or illegitimacy** 

Apart from the question whether heterospecific pregnancy can pro 
duce pathological conditions in the mother and child it has been dem 
onstrated by Jonsson" that I'KnmmumzaUon actually can take place m 

’'Ziichr } Rassenphystol 3 121 (1931) 

"Hirszfeld Les Croupes Sangumes,^ 18 (1938) 

” Cf Kwtkt toe «t 

"One abortion is said lo occur for every 2 or 3 live btths [Rock Abortion m 
Medical Progress Annual p 15 Charles C Thomas (1940)J Even if one assumes 
that as many as one in 10 000 or I in 1000 pregnancies are affected b> the groups of 
the mother and child this would hardly be noticeable m a statistical analysis of 
abortion eases In this connection even though it is known (cf page 369) that 
isoimmunization against the Rh factor can affect the viability of the fetus this does 
not disturb the distribution of the Rh agglutini^n in the offspring sufficiently to be 
demonstrable in ordnary heredity studies (cf table SO) 

" Cf Roller loc cil 

** Ada Path el ilicrohiol Scand 13 424 (1936) 
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such cases For example, he found that the liter of the a agglutinin 
Tvas higher in group 0 mothers who had recenth given birth to group A 
infants than m those mothers bearing group O or group B infants 
Rh Factor in Frythroblastom Fetalis WTuIe the idea that isoimmuni 
zation in pregnancy pla> s a role m the pathogenesis of erythroblastosis 
fetalis'* is not entirely new, it was not until very recently that evidence 
by Levine and his collaborators'' was obtained which established the 
accuracy of the theory 

Ottenberg^® attempted to establish a relationship betiveen helero«pecific preg 
nancy and icterus pravns neonatorum, he suggested that maternal isoantibodies 
(natural or increased m lifer by isoimmunization with incompatible fetal blood) 
filtered back through the placenta and destroyed the fetus s erythroc>£es This 
hjpothesis was not further pursued nhen no correlation could be established be- 
tneen blood group incompattbi)il> and the disease Wore recentlj Darron reported 
«crological differences between the hemoglobins from fetal and adult erythroc>tes 
and Iben suggested that i<oiinmunization of ibe inolber to the fetal bemoglobin 
might be the deciding factor** However Harrow was unable *o present any direct 
evidence to support her b>patbesis 

Shortly after the Rh factor was discovered by Land&temer and 
Wiener, and after the capaaty of this factor to iitimulale isoantibody 
formation m man was established by Wiener and Peters (cf page 268) 
it was found by Levine and his coworkers that a correlation existed 
between the occurrence of intragroup transfusion reactions in post- 
partum cases due to the Rh factor and complications m pregnancy," 
in particular erythroblastosis m the fetus or newborn '* Then, m an 
extensive statistical investigation, Levine and his collaborators” sue 
ceeded in compiling convincing evidence that the Rh factor played an 
essential role m the pathogenesis of the great majority of the cases of 
erythroblastosis 

According to the theory of Levine and his issociates, in the typical 
case, the mother is Rh negative, the father Rh positive and the fetus 
Rh positive, the latter having inherited the FJi factor from the father 
Due presumably to some defect in the placenta, fetal blood enters the 

" This syndrome includes a group of related conditions samel} fetal hydrops 
icterus gravis neonatorum and bciuolylic anemia of the newborn In addition there 
arc a certain number of stillborn infants which show the pathologic changes char 
actenstic of the disease 

^‘Levine Katzm and Burnham Jour Amer Med Assoc 116 825 (1941) 

“Loc at 

^Arck Path 25 378 (1938) 

' Levine and Katzm Proc Soe Exp Btol and Med 45 343 (1940) 

“Levine Katzm and Burnham Jour Atner Med Assoc 116 825 (1941) Burn 
ham Amer Jour Obsl and Gyn 42 389 (1941) 

“Levine et al 5cience 94 3/1 (1941), Amer Jour Obst and Cyn 42 91S 
(1941) 
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circulation of the mother and mates the production of Rh i«oantibodies 
These m turn filter through the placenta into the fetal circulation In 
«e\ere cases the resulting destruction of fetal blood cells is so extensive 
that death of the fetus tn tdero occurs, and this manifests itself as fetal 
hydrops or a stillbirth In manj cases, however, it seems that the Rh 
antibodies are m some manner prevented from acting on the fetal 
blood cells and destruction of the infant’s blood becomes manifest only 
after birth The possibility has been mentioned 'hat anti Rh i«oanti 
bodies can also be transmuted to the nursing infant through the colos 
trum and milk ® The intensity of the symptoms is variable In fulmi 


Table 90 

The Rh Factor aso Cryturoblasto^is Fetaus 
(From Lcvme Yearbook of Pathotog} and Immunology for 19-11 page 508) 



Per cent 

Rb positive 

I Per cent 

Rh negative 

Random population (1 035 individuak) 

86 

1 

ld3 mothers of infants with er> Ihroblastosis 

% ' 

92 

89 husbands of Rh negative mothers 

100 1 

1 0 

76 infants with erythroblastosis 

too 1 

0 


nating cases death may occur within a few hours m milder cases the 
hemolysis terminates before much damage is done and complete 
spontaneous recovery occurs In some cases, the life of the infant has 
been saved by tiding it over with blood transfusions of Rh negative 
blood until the anti Rh isoantibodies were elumnated from its body*’ 
(cf page 87) 

The most convincing evidence of the accuracy of the theory the 
statistical data concerning the distribution of the Rh factor in mothers 
of erythroblastotic infants (cf table 90) Among these women Levine 
and his collaborators found as man> as 92 per cent who gave negative 
reactions when tested with human anti Rh sera in contrast to only 
14 per cent negative reactions among individuals from a random senes 
Moreover, the husbands and infants of the Rh negative mothers were 
uniformly Rh positive Levine concludes that at least 90 per cent of 
the cases of erythroblastosis can be traced to isoimmunization to the 
Rh factor, the remainder he suggests may be due to isoimmunization 
to other blood factors 

As has a)Tead> hetn pomltd mil (tf page 252) human anli Rh sen do not ail 

"Cf Ritebskyet al Proe Sot Exp Biot end Med 49 179 0042) Wiener 
1 earhook of Pathology and Immunology for 1941 p 503 

“Ltninectal lot , Wiener, unpublished ob'cn’aljons 
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gi\e identical reactions the three most frequent types giving 13 IS and 30 per 
cent negative reactions, respectively L«vine classed the mother as Rh negative in 
his table if she gave a negative reaction with any one of these three sera provided 
the husband was Rh positive However the incidence of Rh negative bloods m the 
control senes was taken to be 14 per cent while with corresponding anti Rh sera 
85 to 90 per cent of the mothers of eiytbroblastotic infants gave negative reactions 
On this basis 85 to 90 per cent (rather than 92 per cent) of the cases of erythro* 
blasto'is should be attnbuted to the Rh factor unless one assumes as Levine does 
(hat isoimmunization may occur when mother and infant belong to different sub 
divisions of the Rh positive type Wiener" has tested 43 mothers of erythroblastotic 
infants and found 37 or 87 per cent to be Rh negative as contrasted with about 
15 per cent Rh negative individuals in (he genera! population 

Table 91 

Ikctdence ot Anti Rh Acglutimns in 141 Rh Negative Mothers of 
Ervtmroblastotic Infants 

[From Levine et al , j4f»irr Jour Obst andC^n 42 925 (1941)J 


Interval after Last Delivery of 
an Affected Infant 

Agglutinins 
Present i 

Agglutinins 

Absent 

2 months postpartum 


mmmm 

2 months to 1 year postpartum 



1 year or longer postpartum 



During ncTt pregnancy 



Ro data 

1 0 


Totals 

1 42 

99 


Further proof of the role of isoimmumtation in erythroblastosis was 
obtained by Levine and his associates by testing the sera of Rh negative 
mothers for anti Rh isoagglutinins As is to be expected (cf table 91), 
the chances of finding such immune isoantibodies m the mother's serum 
are better if the tests are carried out soon after the delivery of the 
erythroblastotic infant, though m at least 2 cases the agglutinins were 
detectable for periods up to 2 years WTnle anti Rh antibodies can fre 
quently be demonstrated in the mothers’ sera, it is important to note 
that m more than half the cases no such antibodies are detectable, and 
in the great majority of the cases with anti Rh isoantibodies these are 
of low titer This may seem surprising m view of the severity of the 
symptoms in the infant, but as has already been pointed out (cf page 
66), a Similar situation exists m most of the intragroup hemolytic 
transfusion reactions due to the Rh factor A possible explanation is 
that the anti Rh isoantibodies have a tendency to attach themselv es 

"/tmer Jour Clm Path 12 302 (1942) and unpublished data 

"Levine et al he cjl Wiener unpublished observations, Boorman Dodd and 
Moiiison Bnt \fed Jour 2 569 (1942) 
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to ti<;sue cells, so that the amount of ctccuUttng antibodies may not 
furnish a reliable index of the total amount of antibodies in the bodj 

Le\ine’s theory explains -why m some families all pregnancies but 
the first terminate with infants having erythroblastosis, while in other 
families the disease occurs more irregularly If the father is homozygous 
(genotype RhRh) all the children would be Rh positne and therefore 
capable of developing the disease (cf page 249) The reason why in 
some of these families the first one or tno infants escape the disease 
may be that in the«e mothers one or more pregnancies are necessary 
before suffiaent isoimmunization against the Rh factor occurs When 
the father is heterozygous (genotype Rhrh), it is clear that only half 
the children will be susceptible to the mother’s anti Rh isoantibodies 
and in such families the inadence of the disease will be lower 

Since as many as 13 per cent of all families (mother Rh — and father 
Rh-j-) offer an opportunity for isoimmunization m pregnancy against 
the Rh factor, one might expect a similar high incidence of erythro 
blastosis According to Ja\ert,** however, only about 1 in every 400 
newborn infants suffers from this disease The probable reason for 
this as well as the low incidence of intragroup hemolytic reactions 
due to the Rh factor in patients receiving repeated transfusions (cf 
page 117), IS that not every Rh negative individual will produce anti 
bodies to the Rh factor “ 

Since the agglutinogens A and B are far better antigens m man 
than the Rh factor (cf page 267), it may seem surprising a^ first that 
heterospecific pregnancy appears to play no r6Ie in erythroblastosis 
As has already been pointed out, howtver the presence of group sub 
stances A and B in the amniotic fluid and in the organs and secre 
tions of the fetus may serve to protect it from the maternal anti A 
and anti B isoantibodies The Rh factor, on the other hand appears to 
be limited to the erythrocytes (cf pag( 294), so that such a protective 
mechanism cannot operate The 10 to 15 per cent erythroblastotic 
infants with Rh positive mothers might be traced to other blood fac 
tors which like Rh, are capable of stimulating isoantibody formation 
occasionally in man ** 

It may "be ol interest to speculate «hat inAuence isoimmunization in pregnancy 
may have had on the present and will have on the future distribution of the Rh 

** Atntr Jour Obsl and Cyn 34 1042 (19J7) 

“Cf Wiener Amer lour Clin Path 12 241 (1942) 

“The factors in question would be eipccted to be less antigenic than Rh Lcvme 
has presented evidence to show that the factor Hr present in Rh negatue blood (cf 
page 254) and the factor found by LcNine and Polayes (cf page 270) ma> also 
account for some of the exceptional cases [Cf Wiener i\mcr Jour dm Path 12 
302 (1942)] 



BLOOD GROUPS AND DISEASE m 

factor in man At first it might seem that the elimination of occasional Rh posUi\e 
fetuses and infants should tend to fa\or Rhn^ative mdisiduals in the long run 
Hov,e\er, the Rh positive fetuses affected are all heterozygous so that an equal 
number of Rh and rh genes nould be lost in each generation Accordingly in popu 
lations where the frequencies of the two genes are equal this process would not 
disturb the distribution of the genes la populations where the frequencies are un 
equal the less frequent gene would be affected to a relatisely greater extent, so 
that the more frequent gene whether Rk or rh would tend to predominate more 
and more as time passed 

With regard to the problem how the present distributions of the Rh factor arose 
two mam possibilities may be considered analogous to those suggested to explain 
the distributions of the four blood groups ( 1 ) that the present frequencies resulted 
mainly from repeated mutations from the Rh positive type to the Rh negative 
type (or vnce versa) (2) that two or more races some predominantly Rh negative 
others predommantly Rh positive were evlablished by isolation and inbreeding 
and that the present distributions resulted from crosses between these populations 
IV lener^** believes the former theory to be unlikely because « htJfl this might account 
for the occasional occurrence of Rb-negattve inchviduals among American Indians 
and Chinese to explain the distribution in white individuals one would have to 
postulate an improbably high rate of mutation especially since isoimmunization in 
pregnane) would tend to counteract the effect of such mutations for the reason 
pointed out above 

Studies on Linkage bet-ucen Blood Groups and Disease Smee mor 
phological characters and susceptibility to certain diseases are heredi 
tary m nature, and since the Wood groups are also inherited, a number 
of these qualities will necessarily be linked to blood groups in their 
heredity It is obvious, how ever, that since man has twenty four pairs of 
chromosomes, a priori, the chance that the genes for a given pathologi- 
cal condition (or any given trait) are located m the same pair of 
chromosomes as the genes A, B, and 0 is small Consequently, a large 
number of investigations is needed before a case of linkage will be found 

A number of authors have tried to demonstrate bnkage by studying 
the distribution of the blood groups among individuals possessing the 
character under consideration This method will not demonstrate link 
age, however, for even if linkage exists (excluding the very improbable 
case of complete linkage), as a result of random intermarriage, the 
distribution of the blood groups will be the same among individuals 
possessing the trait as in the general population To study linkage, it is 
necessary to accumulate statistics in families, and as yet the number of 
such studies is limited Sn>der*^ made a careful analysis of all the data 
available up to 1931 and concluded that no case of linkage with the 
blood groups had been discovered, although investigations had been 
made on its possible linkage to eye color, direction of occipital hair 

“'Wiener Science 96 407 (1942) 

" Enjenirtl IVewj 16 177 (1931) Ztsckr / ImmuwtSts 49 464 (1926) 
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whorl, poljdactjhsm,®* migraine,** atopic hypersensitiveness,®® and 
susceptibility to diphtheria** This is not surprising for onlj one case 
of linkage could be expected for every 24 traits studied 

The chances of discovering somatic Imkage with serological blood 
properties are much greater jf tests made not only for A B, but also 
for M N and Rh, since the latter serve as mariners for two additional 
pairs of chromosomes (cf page 252) 

At one time it was believed that it was necessary to examine three 
generations m order to study linkage properly m man, but Bernstein” 
and Wiener*’ independently devised methods whereby conclusions can 
be drawn from studies of only two generations (cf pages 242 and 252) 
This has simplified the task of collecting the necessary data and has 
led to further investigations m the field Thus, using m^ern statistical 
methods, the author has shown that there is no linkage m heredity be 
tween the agglutinogen P, the blood groups, the M N types or eye 
color Hoghen** could not establish Utikage between, the four blood 
groups, taste blindness, Friedrich’s ataxia, or major brachy dactyly m 
man, and Zieve, Wiener and Fries*’ found no evidence of linkage be 
tween allergic disease, blood groups, M N types or eye color 

Studies on sex hnkage are more readily made than studies on so 
matic" linkage, i e in chromosomes other than the sex chromosomes 
Thus, more than fifteen sex linked conditions are known at the present 
time ” but not a single case of somatic hnkage For this reason the 
discovery of cases of linkage with blood groups will be of importance 
for human genetics To climcal medicine, such studies hold little promise 
of any immediate findings of importance, for only in cases of complete 
or very close linkage, which are extremely rare, would it be possible to 
make definite predictions of clinical value Nevertheless work along 
this line should be continued because it will increase our knowledge 
of human genetics, and ultimately may become of some practical value 

Haldane®’ has compared the rnetbods of detecting and measuring linkage de 


“Thomsen JIandbuch dtr Blitlgruppenbunde, p 260 (1932) 

"Snjder loc ett 

*I^ne /<>«'' Immunol 11 283 (1926) 

* Hirszfeld and Brokman Jour Jmmunol 9 S”! (l924) 

^Ztsch / tndukt Abstamm u lererbungs 57 Jl3 (1931) Bernstein and 
Nfachol Proe Roy Soc B 117 63 (1935) 

-Cenelies 17 335 (1932) 

''Jour Genetics 31 353 (1935) 

"Ann Eugenics! 163 (1936) 

“It IS of course futile to attempt to estabtiA linkage between blood groups and 
a sei linked Irait since the blood groups are not Kubdnyi [Rhn 

\loch p 321 (1926) p 597 (1931)] and others ba\c attempted to demonstrate 
linkage between blood groups and hemophilia (cf page 166) 

•’Amer ^al 68 286 (1934) 
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vised by Bernstein and ^Viener, and fotiod the formulae of the former to be sbgbtl> 
more efficient On the other hand Wieners method has the advantage that it is 
somewhat simpler to apply and the slightly lower efficiency of the formulae is 
more than counterbalanced by the improvement obtained by excluding children of 
indeterminate genotype (cf page 242) Carrying these principles further Hal 
dane®* has deriv^ formulae by means of which it is possible to extract mammal 
information with regard to linkage from matings of various types Further 
improvements have been devised by Fisher** and by Finnej ® Appropriate tables to 
facilitate the estimation of linkage in heredity studies can be found m the papers 
by Bernstein Wiener and Finney 

Jlore recently Penrose^* and Burks^* have independently suggested a method 
wherebj it is theoretically possible to defect linkage m man from studies on onl) a 
single generation. The prinaj^e of this method is to divide the siblings in each 
family by pairs into four classes with regard to the two characters being tested 
namely like like like unlike unlike-likc and unlike unlike In this way a family 
with 8 children would yield 28 sibling pairs to be analyzed The results are entered 
in a four fold fable and the deviation from the distribution expected on the assump- 
tion of random assortment is determined by the chi square method If a statistical 
ly significant deviation is obtained then this is attributed to linkage between the 
genes for the two characters 

In the opinion of the author while the method of Penrose and Burks is correct 
m principle it is of little practical value for the detection of linkage for the follow 
ing reasons Since the phenotypes of (he parents are not ascertained children from 
all families are necessarily included in the analysis including those families which 
cannot possibly yield any information as to linkage Accordingly data containing 
significant information is swamped by indifferent material For example in the 
heredity study of Landstemer and Wiener’* there were only two families which 
could be used for determining the linkage relations of Rh and A B but the infor 
matiOR was extracted without difficulty by the direct analysis of these families If 
tbe same study bad been carried out by the sibling method 437 sibbng pairs from 
all tbe families would have had to be analyzed U seems obvious that it takes less 
effort to test parents as well as children in each family than to make the calculations 
required by the sibling method and m addition the results obtained by the latter 
method are bound to be far less reliable Thus it is more likely that any deviation 
obtained in tbe sibling method will be due to the operation of chance than to the 
presence of linkage considering that the pertinent data will make up only a small 
part of tbe total material heverlheless attempts have been made recently to apply 
the method for the detection of linkage between blood group genes and genes for 
other trails such as mid digital hair ovaf erythrocytes etc * 

Isoaggluitnms w Health and Disease'* WTiereas the blood group of 

Ann. Eug 6 26 (1936) 

"dim Eng 6 186 (1935) find 6 339 (193S) 

”dnn Eiig 10 171 (1940), ihid 11 10(1941) tbtd 11 115(1941) 

"Ann Eug 6 133 (193?) ibid 8 233 (1938) 

"Yearbook Corwegie Insi Hash 36 312 (1937) Proc iVoC Acad Set 24 
312 (1938) 

"Jour Exp Med 74 309 (1941) 

’‘Burks Genetics 26 223 (1941), Boyd and Boyd Ann Eng 11 1 (1941) 

Snyder Baxter and Km«ely Jour Ilered 32 23 (1941) 

"For a review of this subject see Suotninen Acta Soc Med Fenn ‘Duo 
deem 14 ho 2 (1932) 
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any individual can be determined at birth and remains constant 
throughout life, the isoagglutmin content of the serum is less constant 
Aside from variations m the potency of the isoagglutinins among difter 
ent individuals, apparently at least partly constitutional in nature, the 
titer of the isoagglutinins depends in large measure on the age of the 
individual (cf page 22) Moreover, the titer may be increased some- 
what m acute infections or by other non specific stimuli whereas in 
certain diseases such as chronic leukemia and severe anemias the titer 
may be lowered In addition the isoanlibody titer may occasionally 
undergo spontaneous changes without ascertainable cau^e On the other 
hand, there is no significant difference between the average isoagglutmin 
titers in the two sexes, and the isoa^lutinm titer usually tends to 
remain constant in one and the same individual for long periods of time 
(years), de«;pite intervening organic disease, surgerj, etc 

Marked rises in the titer of the isoagglutinins occur following trans 
fusions of blood of an incompatible group, while the titer remains un 
changed after homologous group transfusions (cf page 123) the 
isoagglutinin titer has also been reported to attain very high values m 
heterospecific pregnancy (cf page 368) Similar observations have been 
reported following plasma transfusions and these have been attributed 
to the specific immunizing effect of the group-substances in solution 
in the plasma “ However, since the quantities of group substances in 
plasma are small (cf page 285), it is possible that the pre-'en^'e of 
red celt stromata may have contributed to the immunization effect 
Davidsohn^ has reported the occurrence of very hign titers of iso 
agglutinins in patients with horse serum disea«e That the rise in titer 
was stimulated by the injection of hor«e serum was established by 
comparing the titer before and after the injections A rise in titer from 
10 to 200 was not unusual, and in one patient the titer rose thousand 
fold Since it is difficult at limes to secure isoagglutinating sera of high 
titers for the purpose of blood grouping, Davidaohn remarks that it maj 
prove practical to prepare typing sera from the blood of patients with 
hor«e serum disease 

Blood Groups and Twm Studies Since monovular or identical twins 
Wie. ttA sawe. vu ia IwAVuJax twins, who ate gpneti 

cally no more closely related than ordinary brothers and sisters studies 
on twins have been utilized for comparing the effects of nature and 
nurture, and for solving problems in human heredity An important 
prerequisite for such investigations is the use of suitable criteria for 
distinguishing the two sorts of twins In general, if a pair of twins 

’‘Aubert Boorman and Dodd Jour Path and Bad 54 85 (15-12) 

”Amer Jour Clm Path 8 179 (1938) Cf Wiener and Kosof«ky Jour Im 
munol 41 413 (1541) 
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differs in sex or any other trait, the hereditary nature of which is estab 
lished, they cannot possibly be monovular On the other hand, the fact 
that two twins resemble each other with regard to a large number of 
hereditary characters does not absolutely prove them to be identical, 
though this nould become highly probable Aside from sex, the only 
characters shared by all human beings and transmitted in a simple 
fashion according to the Mendehan laws are the agglutinogens in the 
erythrocytes Accordingly, blood tests should be included routinel) as 
one of the criteria of zygosity in all investigations on twins 

The chance that a pair of fraternal t«ins niJJ differ «ith respect to a particular 
hereditary trait will vary with its distnbiifion jd the general population Wiener and 
Leff’* have derived general formulae for the chances of establishing the non indenlify 
of hiovular twins that can be applied to all the common types of Iitendelian trans 
mission These investigators have calculated that for a population such as that 
present m New York City almost two thirds of all like sexed fraternal twins can 
be identiffed as such by tests for A, A, B and M \ The chances can be further 
increased of course by making tests for the secreting types and the Rh factor 
For example the writer was recently consulted by Dr Donald Bauer concerning a 
pair of presumably identical twins one with situs mversus the other with situs 
solitus \Miile one twin was found to belong to group A,B t>'pe MV Rb negative 
and was a non secretor the other proved to belong to group A,B type N Rh 
negative and was a secretor contradicting (be assumption that the twins were 
monovular 

Blood Groups and Therapeutic Malaria Infection with malarn is fre 
quently used in the treatment of general paresis The usual procedure 
followed IS to take 5 cc of blood from a patient already infected with 
the malarial parasite, and to inject this blood immediately into the tein 
of the patient to be treated W endlebcrger*® was the first to observe 
that when incompatible blood is injected the average incubation period 
IS twice as long as when compatible blood is given The accuracy of 
this observation has been established beyond doubt by a number of 
independent investigators** 

Since this question has been studied with special care by Polayes and 
Derby,** the results of their expenments will be cited in some detail As 
IS shown m table 92 the average incubation period in the group of pa 
tients receiving compatible blood js 4 30 ± 0 22 days while m the 
group receiving incompatible blood it is S 18 0 48 dajs The differ 


”GeneUes 25 18 (1940) cf Wiener Human Btology 7 222 (1935) 

"Cf Rife Ohio Jour Set 38 281 (1938) 

•rfien klm n och 40 345(1927) 41 1304 (1928) 

"WeHimar AT/m HdcA 6 1947 (1927) Deutseft med T\ och 54 m 0928) 
Hopf Munek med 71 o(k 75 1755 (1928) etc 

"Polayes and Derby Jour Amer Med Asioc 102 1126 (1934) Derby Amer 
Jour Psych 91 881 (1935) 
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Table 92 


IvcuBAnos Period of Injection Malaria in Patients KECEinsc Compatibie 
AND iNCOJiPATIBlE BLOOD 
{After Polayes and Derby) 


Incubation 

Period 

(Days) 

Patients Receiving 
Compatible Blood 

j Patients Receiving 

j Incompatible Blood 

Number of 
Cases 

Per Cent 

Number of 
Cases 

Per Cent 

1 

8 

JO I 

2 

4 8 

2 

7 

8 & 

0 

0 

3 

22 

27 7 

2 

4 8 


IS 

18 9 

3 

7 1 

5 ' 

13 

16 4 

4 

9 5 



6 3 

5 

11 9 

7 ' 

4 ' 

5 0 

7 

16 7 

$ 

0 

0 

5 1 

n 9 

9 

1 1 

1 3 

3 

1 ’ * 

10 

1 0 

0 

2 

' 4 S 

11 

1 0 

0 

1 

1 2 4 

12 

1 

1 3 

2 

4 8 

13 

1 1 

1 ^ 5 

1 2 

4 8 

14 

' 0 

1 0 

1 J 

2 4 

15 

1 

J 3 

0 

0 

Id 

0 

0 

0 

0 

1? 

0 

0 

1 

2 4 

18 19 

0 

0 

0 

0 

20 

1 

t 3 

0 

Q 

21 22 

0 

0 

0 

0 

23 

c 

0 


4 8 

TotaU • 

79 1 

too 0 

42 1 

100 0 


ence between the mean incubation periods of the two groups is 3 88 ± 
0 52 days and is therefore certainly significant 

To be sure there is also a svide sanation in the incubation periods within each 
group but this is probably due to such factors as indiMdual resistance to malarial 
infection \ariations in the stage of the cycle when the blood was taken \anations 
in the quantity of blood injected etc Of thc«e indiMdual resistance is probably 
most important Thus OLeary and Ashton could not induce chills or feser in 10 
per cent of 9S4 patients they injected and in the senes reported bj Tolaj-es and 
Derby there were 6 cases (3 in each group) in which malaria could not be induced 
These cases were not included in the calculations 

ScNcral theories have been suggested to explain the prolongation of 
the incubation period of injection malaria when incompatible blood is 
used The theory that seems most plausible is that the hemolysis of the 
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injected blood cells sets free the malarial parasites, which then cannot 
develop properly until they have found new hosts Furthermore on the 
basis of tn vitro experiments, Horn” believes that in the process of 
agglutination and hemolysis of the red blood corpuscles, many of the 
parasites are killed or injured 

" ]{ ;en khn Woch 30 99S (1929) 



CHAPTER XXI 


MEDICOLEGAL APPLICATION OK BLOOD 
TESTS IN DISPUTED PARENTAGE 

Since the agglutinogens A, B, M, and N of human blood are inherited 
in accordance ruth definite laws, blood grouping can be applied in medi 
colegal cases where the problem of determining blood relationship 
arises Examples of cases in nhich blood grouping may prove of value 
are the folloiving 

1 A child is born in lawful wedlock and the husband denies paternity 
The law prwumes that all children bom in lawful wedlock are legitimate 
(in order to protect the interests of the child) unless it is proved that it 
is impossible for the husband to be the father of the child As proof of 
non paternity the courts permit the introduction of evidence of non 
access, and of impotence or stenhlyof the husband 

2 A child IS born out of lawful wedlock, and the man named by the 
mother as its father denies paternity 

3 Two newborn infants have bwn accidentally interchanged in a 
hospital shortly after birth, and it is desired to identify the parents of 
the infants Or it is suspected that a net nurse has wilfully substituted 
her o?m infant for the one placed in her custody, so that her own child 
may have the benefits of a belter home 

4 A woman has simulated pregnancy and child birth and now pre 
tends that a certain child is her own, in order to compel a man to marry 
her, or to obtain dower in her dead husband’s estate (m jurisdictions 
where birth of issue is a prerequi'^ile to the right of dower), or in order 
that the child may become the heir to her husband s estate 

As has alreadj been pointed out, the mechanism of inheritance of the 
four blood groups may be summarized in the following two laws 

1 The agglutinogens A and B cannot appear in the blood of a child 
un’iess preseiTt inl^ieWood o1 one orbd&pareirtB 

2 A parent belonging to group AB cannot gi\ e rise to a group 0 child 
and a group 0 parent cannot give rise to a group AB child 

What the groups of the children must be, when the groups of the 
parents are knowm, is shown in table 93 

In order to illustrate the application of blood grouping in aftibation 
cases, a case which was solved by this method will be cited 

In this ca«e, an unmarried woman accused a certain man of the palemit> of her 
child It was found that the woman belonged to group 0 the child to group B and 
the putative father to group A Since the child possessed agglutinogen B which was 
380 
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Table 93 


The Lasdsteiner Blood Grolips in Parents and Children 


Groups of 

j Groups of Children 

1 Groups of Children 

Parents 

i Possible 

not Possible 

1 0X0 

1 O 

A B AB 

2 OXA 

0 A 

B, AB 

3 OXB 

O.B 

A AB 

4 AXA 

0 A 

B AB 

5 AXB 

O A B, AB 

— 

6 BXB 

O B 

A, AB 

7 OXAB ! 

A, 8 

0 AB 

8 AxAB I 

A B, AB 

0 

9 B XAB 1 

A B,AB 

0 

IQ AB XAB 

A, B, AB 

0 


not present in the mother s blood ibis agglutinogen must has e been denv ed from the 
father svho could therefore onlj' belong either to group B or group AB \\ben 
confronted ssith this evidence the wonun withdrew her charge and the falsely 
accused man was released 

Suppose, however, that m the case just cited it had been found that 
the putative father belonged to group B or group AB This would not 
prove that the accused man was the actual father of the child any more 
than any other man belonging to one of these two groups Obviously, 
blood grouping is of value only for excluding paternity, and not for 
proving paternity 

The two laws cited above are derived from the Bernstein theory of 
heredity of the blood groups The great majority of investigators apply 
this theory without reservation However, on account of certain ap 
parent exceptions to the theory, slight objections have been raised to 
placing exclusions of parentage based on the second law on the same 
level as those made under the first law of heredity In the preceding 
edition of this book it was therefore recommended that nonconformity 
to tfie first /aw be consirferetf abso/cfto prvof of non parenCagif, w/rr?e 
nonconformity to the second Ian should pirhaps only be considered 
evidence that parentage is extremely unlikely ’ Since more recent 
studies on the heredity of the blood groups have served to remove all 
reasonable doubt concerning the accuracy of the Bernstein theorj, m 
the author’s opinion this slight reservation irith regard to the second 
law of heredity is hardly necessary any longer (cf Chapter XI) This 


’ It IS of interest to note that approxiinatel> five sixths of the exclusions possible 
are made by the first law, whereas only one sixth of the exclusions fall under the 
second law 
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statement is made even conceding that the case reported by Haselhorst 
and Lauer may be well established (cf page 185), because this exception 
stands alone among the tens of thousands of examinations that have 
been made 

It may be of interest to point out that the exception reported by Haselhorst and 
Lauer involves a child (bom June 16 1928) who is a dcafmute nearly comp!eteI> 
blind and has the left side of the face deformed^ Tbe«e pathological findngs have 
led some authors to question whether this can be considered a valid exception to the 
rules of heredity m normal individuals rather lhan some abnormality resulting from 
a chromosomal aberration * 


Tabie 94 

Chances or Provosg Non Pateemty IVith the Blood Grouts 
(\\'heTe pvilalive father has been falsely accused) 



* This IS a theoretical population giving maximum chances of excluding pa 
temity 

t Cf Hooker and Boyd Jour Immunol 16 451 (1929) Wiener ct al Jour 
Immunol 19 259 (1930) 

It IS unfortunate that the reservation with regard to the second law expressed m 
the previous edition of this book has been used as an excuse by the Domestic Rela 
tions Court in New Nork City* for adjudging a man of group AB to be the father 
of a child belonging to group 0 The type of ecclesiastical reasoning used by the 
court in arriving al its decision can be seen from the following quotation Feminine 
dignity throughout all generations and races elemallj alert and vigilant to resent 
the infamy of such a charge (that her child is illegitimate) and outraged at being 
thus degraded by a test of its decency and morality by a court order (for a blood 
lest) issued without any evidence in the first instance to sustain it never forgives 
or forgets this deadly insult As is pointed out by Schitkin * this line of reasoning 
does not cancel the concrete evidence of nonpaternity supplied by the 

blood test It is significant that in the present case (he wife admitted antenuptial 
relations with her husband who was induced to marry her when informed of her 
pregnant condition. 

’Haselhorst and Lauer Zlschr Kcnstiiutionslehre 15 20S (1930) 16 227 

(1931) 

'Cf Schiff and Boyd Blood Grouping Techme p 13a (1942) 

‘Ifardingvs Harding NJ Supp (2d) 22 810 (1940) 

‘Jotir oj Crm Lav and CnmtmAogy2Z 458 (1941) 
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so that only half tv ere the true fathers ^ The procedure of pernutt\ng the 
woman to name the father of her child therefore mu«t lead to consider 
able injustice b> making many men support children not their own 
Routine blood grouping tests m such cases «ill not only establish the 
innocence of a large number of these men but also will serve to diminish 
the number of false accusations, because of the complainant’s fear that 
she may be charged with perjury 

Occasionally it ma> onlj be possible to obtain the bloods of the man 
and child, but not of the mother For example, a man who suspects his 
wife of infidelity may desire to obtain further evidence before making 
any charges In certain cases, as when the man and child both belong 
to group A, It is useless to go further, since irrespective of the group of 
the mother, non paternity cannot be established (cf table 93) On the 
other hand, if the man belongs to group AB and the child to group O 
or vice versa non paternitj is proved, regardless what group the mother 
belongs to (cf page 380) The chances of proving non paternity when 
only the bloods of man and child are available are natural!) very small * 
and for European peoples approximately equal to 1 in 20 (4 7 per 
cent) In other cases, eg when the man belongs to group 0 and the 
child to group A the group of the mother must be determined before 
It IS possible to make a decision 

It has already been pointed out that blooil grouping can only be U'vcd 
to exclude but not to prove paternity Occasional!), however blood 
grouping may aid in determining in an indirect way who the true father 
is If there is evidence that one of two men must be the father and one 
of them IS excluded by the blood grouping tests it follows that the other 
is the father of the child * In Germany, the exclusion was of the greatest 
importance to the child, for in thnt country if the plea of exceplio 
pUirum concumbenttuni was raised the natural child had no right at 
all unless it could be proved the* only one of the men could possibly be 
the father 

Lnforlunatel> no serologic mctliod l, known which differentiates relably ho- 
mozygous and heterozygous individuals of group A and group B If such a meihod 
were established the chances of proving nonpalemily by means of the blood 
groups would be increased by approximately 10 per cent 

From an examination of the blood of his parents it may be possible in certain 
ca«es to determine whether an individual of group A (or B) is homozygous or 


’Schiff Laneel p 921 (1929) 

* Namely equal to twice the product of the frequencies of group 0 and group AB 
[20 X AB] ^ ^ 

*That too much reliance should nol be placed on the testimony of the mother in 
*uch cases is emphasized by the observation of mstances in which both of the puta 
live fathers have been eacluded by the blood tests [5£’e Schiff Deutsche Zlschr 
I d ges gerschil Mei 18 H (IWl)] 
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Table 96 


pROTOi^oL Illustrating ExAia-sATiON ot Bloods in a Medicolegal Case 


1 

1 

1 

Cell Suspension of ! 

1 Serum of j 

1 Te«t Sera of 

Blood 

Group 

L R 

LN 

RS 

j Group A 

j Group B 

1 

2 ' 

1 i 

2 

L R (Putativ e father) 

_ 

+ +i 

+ + 1 

_ 1 

_ ' 

+ + + 

+ ++' 

A 

E N (Mother) 

— 

- 

— 

- : 

— 

- 

1 - ' 

0 

RN (Child) 

+ + + 

+ + ± 


++±i 

+ + , 

- 

' - 

B 

Controls * Group 0 



_ 

_ 

_ 

_ 

i _ 


Group Ai 

- 

+ + ± 

+• + 

— 

— 1 


+ + + 


Group A* 

- 

d + 

+ 

— 

- 1 

+++! 

+ + 


Group B 

+ + + 

d + 

- 

+ + ± 

++ 

- 1 

; - 



• Controls of both subgroups Ai and A« are necessar> m order to avoid errors 
such as those mentioned on page 35 


heterozygous For mstance if an individual belongs to group A and only one of his 
parents possesses agglutinogen A be is heterozygous On tbe other band in the rare 
mating AB X AB all the group A and group B children must be bomosy gous 

As has already been pointed out, blood grouping is aUo valuable in 
cases where infants have been accidentally interchanged m a hospital 
A solution IS possible in more than 40 per cent of such cases As an 
illustration, a case that occurred m a hospital m Chicago during the 
summer of 1930 wU be cited This case, which received a good deal of 
newspaper publicity," was finally solved by means of blood grouping 
tests * 

After Mrs 11 had returned borne from the hospital it was found that her baby 
had a label on its back vnlh tie name * B ’ The baby at the B house was found to 
bear a label with name ‘ JJ ” 'Wben lie bloods of the sw individuals involved were 
evamined the following resulis were obtained 

Crcup Croup 

Mr B AB Mr IV 0 

Mrs B O Mrs II O 

Baby labelled ' II " O Baby labelled ‘B ’ A 

Since Mr B belongs to group AB, be cannot have a child of group 0 so that tbe 
child in his custody could not be bis whereas the child labelled ‘ B ’ belonging to 
group A could On the other hand since Mr and Mrs II both belonged to group 0 
the child m their custody could not be theirs It is obvious, therefore that the babies 


"Wiener Ztsckr / tndtikt Absiamm u T ereriiiijgji 59 227 (1931) four 
fmmiinol 24 443 (1933) 

” A complete description of this ca«e may be found la the magazine Liberty for 
October 11 1930 page 36 
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had been properly labelled hut had been accidentally interchanged before the 
mothers isent home. 

In the hands of qualified serologists, any of the varioxis methods of 
blood grouping described in Chapter 11 will be found suitable for med- 
icolegal cases. It is imperative, however, that both cells and serum of 
each individual be examined Furthermore, adequate control tests in 
sufficient number should be earned out As a further check on the tech- 
nic and as a check on the labelling, especially where the blood has been 
received by mail, the present writer makes a practice of performing the 
tests on two independent sets of samples of blood A sample protocol 
taken from the medicolegal case desenbed on page 380 is shown in 
table 9b 

Schjff ha.' pointed out that if the sera of both the mother and father agglu 


Table 97 

TitE Accldtlnocens M avd N 1*4 Parents and CratPREN 


Types of Parents 

1 Types of Children 
Possible 

Tvpcs of Children 

Not Posviblv 

1 MNXMN 

' .M.N.andMN 

_ 

2 MNXb 

N and MN 

.M 

7 MNXM 

M and MV 

\ 

4 MXN 

MN 

M and N 

5 NXN 

N 

M and MN 

6 JIxM 

M 1 

N and MN 


titrate the cells of the child, nonpaieraiiy u established (cf tabic Q6) cacept for 
the case where the parents belong to group A and group B, respectirely, and the 
child to group AB Tlie raceptionaJ case menboned is readily lecogniaed without the 
aid of grouping tests by crosS matching the bloods of the two parents since mutual 
agglutination should Chen occur This direct lest has the possible advantage that the 
results may be clearer to the layman, like crOsS matching tests prior to transfusion 

A question frequently asked is how old the child must be before Us 
blood can be tested The blood group can always be determined at 
birth; although the isoagglulimns are not fully developed until the 
iAii\6 is severai months to a>ear lAd, the grerap esm be ^tteiTTiifitd 
the reactions of the cells (cf. page 25). In rare cases where the results 
are not clean-cut, however, it may be necessary to repeat the tests when 
the child is older and the agglutinins have appeared in the serum The 
author has made it a practice in affiliation cases not to carry out the 
tests until the child is at least one month of age 
Application of the Agglutinogens M and N in Affiliation Cases The 
mechanism of heredity of the agglutinogens M and N was discussed in 
Chapter XIV. It was pointed out in that chapter that all the available 
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Table 98 

Chances of Peomnc Non Paterkhv with the AGGLtTtiNOCENS "M and N 


1 

1 

Racial T>pe 

Frequencies of Tjpes 

Per Cent Exclusions Putative 
Father in Tj-pe 

M 

1 N 

1 MN 

M 


M-J 

Un 

known 

European 1 
Maximum* 

29 2 

25 0 

! 21 2 
i 25 0 

1 49 6 

50 0 

34 6 

37 S 

40 6 

37 5 

0 1 
0 1 

18 6 

18 7a 


• Th s IS a theoretical population giving the maximum chances of prov ng 
non paternity 


evidence, namely, studies on families containing a total of more than 
15 thousand children and individual examinations of over one hundred 
thousand bloods fully support the theory of heredity proposed by 
Landsteiner and Levine so that Us medicolegal application is amplj 
justified at present Therefore m all cases where a decision is not pos 
sible from the tests for A and B tests for M and N should be performed 
The relationship between the MN tj'pes of the children and the tj pes 
of the parents is shotsm in table 97 
As IS shown m table 98, a man falsely accused of paternity has ap 
proximately 1 chance in 6 ( 18 6 per cent) of proving his innocence by 
this method ” Men belonging to type MN have no chance whereas men 
of type 51 or N have mote than 1 chance m 3 of pro% mg their innocence 
If the agglutinogens 51 and N as well as A B are used therefore the 


Table 99 

Chances OF Proving Non PATERNrrvvMTHtHE AcglutinocensA B MandN* 


Group 

0 

1 ^ 

B 

AB 

Un 

Tj'pe 

W 1 N ImV 

h'h 

|mn 

M N |m\ 

M 1 N |mN 

known 

Flha.twe? . 

1 1 

n 

n 

, ,1 J 

1 1 


(Percent) | 

50 o|54 6'23 5j 

39 6[45 1, 

i”i 

44 lj49 3}14 6'60 7[63 4j39 9j 

31 9 


* Based on the frequencies of the blood tj-pes in New lork City 


average chances of proving non paternity are doubled so that 1 out of 3 
falsely accused men can now be exonerated If the blood groups and 

“If m and « repre ent the frequencies of genes tf and A respectively then the 
average chance of proving non palcmity by means of the agglutinogens M and N 
IS given by the formula (\\iener Scbiff Roller) 

P == Ma (1 m») 
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MN-type of the falsely accused mao are both known, the probabilities 
of establishing his innocence are as shown in table 99 
The medicolegal application of the agglutinogens and N depends 
upon the following two laws, previously formulated 

1. If the child possesses an agglutinogen SI or N not present in the 
blood of one or both parents, non-paternitj is established One-third of 
the exclusions possible belong to this class 
2 If either of the combinations, type M man with type N child or 
type N man with type SI child are found, non-paternity is established ” 
This type of exclusion is of particular importance, because at times it is 
difficult or impossible to obtain the mother’s blood (cf page 384) Since 
two-thirds of the MN exclu'^ions are of this type, the«.e factors are of 
special value in such instances 

As regards interchange of infants, a solution is possible in more than 
40 per cent of the cases, by means of the agglutinogens M and N alone 
If all four agglutinogens A, B, M, and N are used, almost 70 per cent of 
such cases can be completely sohed’* 

The present author has had the opportuimy to apply the agglu 
tinogens M and N in many instances of disputed paternity One of these, 
which is particularly interesting, will be described here 
After eight jears of marned life, during which time she bad bad frequent inter 
course with her husband, but had failed to become pregnant Mrs X met and fell 
ID love with Mr Y Dunng the ensuing five >ear< three children were born In the 
cneanume, the persons involved had tried to come to an understanding and wished 
to determine wbch of the tno men was the father of each child The bloods of those 
involved were examined with the following results 


Blood of Croz<p Type 

Husband O MN 

Lov er AN 

Wfe O MN 

First child 0 XIN 

Second child 0 hf 

Third child A N 


It 15 obvious that the husband could not have been the father of the third child ( be 
longing to group A), since both he and his wife belong to group O On the other 
hand, since a type N man cannot give nse to a tjpe M child the lover could not be 
the lather of the second child By means of the«c tests, therefore it has been shown 
indirectly that the husband is the father of the second child and the lover the 
father of the third chJd No decision can be rendered concerning the first child 

”TheoretJcaII>, it would also be possible, In a small percentage of ca'es to prove 
non-patemity even from the blooife of the supposed paternal grandparents Thus 
from grandparents MxM grandchildren of type N cannot result and similarly 
grandparents NXN cannot have a type M grandchild. (SchiEF loc at) 

“Wiener, Z/rcAr / indukt Abstomm u Vererbungs! 59 227 (1931), Jour 
Immunol 24: 443 (1933) 
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The technic to be used when testing for M and N has already been 
described (cf page 219) Since these tests offer more difficulty than the 
tests for A and B, they should only be intrusted to experts, i e , workers 
who have had considerable experience with the technic The reciprocal 
relationship between isoagglutinin and i«;oagglutmogen, which serves 
as such a valuable check when testing for A and B, does not obtain here, 
of course It is of the utmost importance, therefore, to perform the tests 
with several different testing fluids of each kind, and to include a suffi 
cient number of control bloods m each experiment 
The mam difficulty in the technic lies in the danger of false negative 
reactions for N, on account of the occurrence of bloods which give 
only weak reactions'® In medicolegal cases one must show that the 
blood in question is completely negative, even on microscopic examina 
tion, although other N bloods of low sensitivity, especially heterozygous 
blood, give distinct reactions with the same reagents Naturally the 
investigator will offer an opinion only when the results are unmistak 
able 

Blood Grouping tn Disputed Maternity Blood tests can also be applied 
in the relatively rare instances of disputed maternity Maternity js 
disproved in any of the following four combinations (1) Putativemoth 
er — group AB, child — group 0, (2) putative mother — group O, child — 
group AB, (3) putative mother — type M, child — typeN, (4) putati\e 
mother — type N, child — type M The chance of proving non maternity 
with the aid of the classic blood groups alone is relatively small (on 
account of the rsre occurrence of group AB), and for European races 
approximately equal to 1 m 20 ** On the other hand, the tests for M N 
are much more useful in cases of this nature since the chance of proving 
non maternity with the latter tests is higher,” namely, for European 
countries approximately equal to 1 in 8 Hirszfeld'* has reported a 
number of cases m which he was able to prove non maternity with the 
aid of the agglutinogens A and B A case recently seen by the author and 
which was solved by the tests for M and N is of interest 

In 1935 Mrs T a woman in Buffalo NV brought an action ajtainst her hos 
band for separation and he counteiclaimcd for annuiment of the marriage on (he 
ground of fraud The facts were (hat up to (he (ime of the trial the woman bad 
been in the state of matrimony se'cn times Dunng her sixth venture she had had 
an affair with her present husband and the child m question was supposed to be 
the fruit of that clandestine relationship Mr T however denied that the child 
was his he asserted in fact that it was not even his wife s insisting that be had 
been inveigled into the marriage on the prctixt that U was. A blood test was 

“With regard to the rare tjTe MN, cf page 227 
“Equal to twice the product of the frequencies of groups 0 and AB 
' Equal to twice the product of Ihc frequencies of types M and N 
“Zljchr / d ges gencbtl ited 27 70(1936) 
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ordered by the court and Dr S L Vaughan found that Mr T belonged to group B 
the alleged mother to group A and the child to group A so that as far as the A B 
groups were concerned no definite conclusion could be drawn The bloods were 
then forwarded to the author for MN tests and it was found that Mrs T be 
longed to 4pe N and the child to type M so that she could not be the mother of 
the child It may be added that evidence was presented at the trial to show that 
the plaintiff had had her uterus and tubes remosed by an operation performed long 
before the child was bom Mrs T explained the abdominal scar by asserting 
that she had had her child by Caesarean section although she could not produce 
the surgeon who was supposed to ha\e perfonned the operation However the hus 
band who preceded Mr T testified that the plaintiff had not been pregnant at the 
time the child was horn that she had in fact never menstruated as long as he 
had knowTi her Finally it was learned that Mrs T had obtained the child from 
an orphan asylum where it bad been placed after the death of its mother 

Application oj Other Serologic Characters m Disputed Parentage \\ hen 
blood examinations are earned out for court cases, tests for the A B 
groups and M N types are now routine If the appropriate reagents 
ate available it may also prove worth while to carry out tests for the 
subgroups of groups A and AB and factors P, Rh and S These ad 
dilional tests have certain disadvantages, however Firstly, the number 
of investigations on the heredity of these properties is still relatively 
small, so that the results of the tests can be accepted only with reserta 
tion Secondly, the four additional tests combined raise the chances 
of excluding paternity from about 33 to only about 40 per cent the 
contribution of each test being merely 2 to 4 per cent 
With regard to the subgroups of groups A and AB investigations 
during the past few years have served to substantiate the theory of 
Thomsen, Fnedenrei^ and Worsaae (cf Chapter XII) \\Tien tests 
for the subgroups are made, paternity can be excluded under the follow 
ing two rules (1) No child can belong to subgroup At or A B unless 
one or both parents belongs to one of these subgroups (2) A B parents 
cannot have Aj children and A, parents cannot have AiB children The 
tests are carried out most simply and satisfactorily with the aid of 
highly active absorbed B sera (cf page 199) Since the blood of new 
born infants usually gives weak reactions with such reagents more 
reliable results will be obtained if the subgrouping tests are earned out 
after the infant is at least one or two months old XieTinrte contradic 
tions to the rules of heredity of the subgroups should not be placed 
on the same level as exclusions by means of the A B groups or M N 
types, though they render the likelihood of parentage remote If the 
results are not clean cut and if any of the bloods give intermediate 
reactions (cf page 218) , no opinion should be rendered 

In the heredity studies on the secretor type thus far carried out no 
exceptions have been encountered to the rule that no child can be a 
secretor unless one or both parents are secretors (cf table 61) Ac 
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cording to Chnstiaens,’® the characters S and s v.ere applied for the 
exclusion of paternity by Popielski m Poland before the war The 
present author has earned out this test in a number of paternity cases, 
but prefers not to use it when any of the individuals involved belongs 
to group O The reasons for this are firstly that suitable antisera for 
testing group 0 saliva are difficult to obtain, and secondly that the 
distinction between secretors and non secretors is not as sharp in this 
group as m groups A, B and AB 

The property P has been used by Dahr and Zehner*® in cases of 
disputed parentage in Germany In a senes of 21 cases they succeeded 
in establishing nonpaternitj 3 times with the aid of this test In the 
first case, the woman withdrew her accusation when confronted with 
the result of the test, and in the second case the man was also excluded 
by the A B and M N tests (putative father OMp, mother OMp, 
child AiSINP) The main obstacle to the general application of prop 
erty P m cases of disputed parentage k the lack nf a regular source of 
potent antisera (cf page 2S6) 

With regard to the Rh tests, m only about 2 per cent of the cases 
(complainant and putative father both Rh negative) is there a possi 
bility of excluding paternity In addition more investigations on the 
heredity of the Rh factor are desirable (cf page 250) However, the 
present author has made Rh tests m paternity proceedings for the 
past two years and has already had one interesting result 

In this ca«e before the Court of Special Sessions of New York City an unmar 
ned woman charged a certain man wilb the paternity of her child The blood group- 
ing tests gaie the following results 

Blood 0 / Group Subgroup Type Rh Reaetton 

Putative father B M Negative 

Mother AB A,B M Negative 

Child AB A.B MN Positive 

Accordingly the results ot three independent tests namelj for the subgroup' 
M N tjpes and Rh factor all served to exclude the accused man Confronted with 
this evidence the conyilainant who had previously denied contact with anvone but 
the putative father now recalled a second man but stated her contact with him had 
occurred at a time which made it impossible for him lo be the father This story 
of course failed to impress Ihe court whKh acquitted the defendant as soon as the 
results of the blood tests were made knowm lo it 

Procedure m Paternity Cases In medicolegal ca'^es it is important to 
properly identify all the individuals involved or the results of the 

”Lo Recherche de la Paleimte partes Croupes Sanguines Masson et Cie Pans 
(1939) 

’’Deutsche med Ti och 67 /I (1941) 

“ Landstemer and \\ lener Jour Exp Med 74 309 (1941) 
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passed by the New York State LegisUture m 1935 and 1936, giving 
courts in that state power to compel individuals invohed m paternitj 
dispute to submit to blood grouping tests Shortly thereafter similar 
laws were passed m Wisconsin,®* and, more recently, in Ohio, Maine, 
New Jersey, South Dakota and Maryland The Committee on Medico 
legal Blood Grouping Tests of the American Medical Association has 
expressed the opinion that such liivs should be passed in all states in 
this country A few years ago m New South Wales, Australia laws 
were passed giving courts the power to order blood tests in cases where 
parentage is m issue®® Similar laws were proposed in the House of 
Lords in England,** where they were favorably received but not enacted 
into the law on account of the war Thomas** has drafted a model law, 
which appears to combine the best features of the New York and 
Wisconsin laws and is therefore cited here as a model 

Uhcfievet it is relevant \n any action to deteinwoe the parentage or identity of 
any per«on or body the Court may direct any party to the action and child of any 
such party and ar} other person tovoK-ed to suboui to one or more bloat! group- 
ing tests to determine nhetber the defendant can be excluded as being the father 
of the child and the specimens for the purpose to be taken and the tests made 
by one or more registered medical practitioners ®* as tbe Court shall d reel nho are 
specially qualified b> irainiog and experience in (he making of blood group classi 
fications and under such directions as (he Court shall deem proper 

Whenever such tests are ordered and made the results thereof shall be admissible 
as evidence but only in those cases id «hich exclusion is established 

The order for such blood grouping tests may also with tbe consen of all 
parties direct that a certified copy of the evidence oi such experts ma> be ad 
missible as evidence without tbe attendance of such experts at Court The Court 
shall determine hove and by whom the costs o( such eoammations shall be paid 
Whenever the Court orders such blood grouping tests to be made and one or 
more of the parlies shall refuse to submit to such tests such fact shall be disclosed 
to the Court unless good cause is shown to tbe contrary 

Up to 1930 only the classic blood grouping tests were applied in 
medicolegal cases Since 1930 the tests for M N have been included 
m the routine blood examination in cases of disputed paternity In 
table 100 are listed data collected from the literature and wnth the aid of 
questionnaires, summarizing the results of blood grouping and M N 
’tests in various Y.’OTopean ctnnfines' Yryx-tmi 

“ U uconim 1935 chapter 3S1 

”Jour Amer Sled Assoe 108 2138 221S (1937) 

” lour Amer Med Assoc 113 lap (1039) 

• Brsl Med Jour 2 1210 (1938) 

'‘Jour Cnm Lav 1 598 (1937) 

“To this the present writer would add the phrase or other well qualified in 
dividuals in order not to exclude genetiasts and other 'cientists who have made a 
special study of the subject 

"Data bejond 1937 were not available for Europe because of the war 



APPLICATION IN DISPUTED PARENTAGE 395 

panng this table with table 95 it will be seen that the neiser tests for 
M N have doubled the percentage of exclusions obtained 
Table 100 is by no means complete since there is undoubtedly a good deal of 
unpublished data -which has not crane to the author s attention The data concern 
ing Austria may be supplemented by the foitowmg information supplied by Dr 
Franz Josef Holzcr Blood grouping was first introduced into the courts of Austria 
m cases of disputed parentage as early as 1920 and the M N tests s\ere introduced 
m 1932 Since 1930 the blood tests have been used in almost eveiy paternity case 
at least in Vienna and there the number of tests done every jear numbers many 
thousands In Graz during the penod 1920-1936 there were 1250 patemitj ca'es 
in which the blood tests for A and B were made in 418 of which M N lyp ngs 
were also performed and in Innsbruck 40 to 50 tests were made every jear 
In Denmark the tests were most extensively applied probablj because of the 
comprehensive research work done m that country The data given in table 100 can 
be supplemented by the following information taken from Chnstiaens obtained in 
response to a questionnaire 

At the Medicolegal Institute of the University of Copenhagen approximately 
7500 tests have been made over a period of 12 years Dunng the jears 1933 to 1936 
the results in 3124 cases were 


Number 

of 

Cases 

1 Exclusions 

1 Exclusions 

1 Not Possible 

1 

i 1 

1 A B 0 1 

1 1 

1 

M N 1 

1 

Ai Ai 

ABO 
and M N 

j Aj A, 

1 and M N . 

1 

3 124 

I 2S6 1 376 1 

1 52 1 S. 1 

' 10 1 

1 2 JJD 


During the first year that the M N tests were used m3n> old cases were reopened 
in which tests previously made for A B alone bad been inconclume This accounts 
for the higher frequency of exclusions with the M N tests 

It may be of interest to note that in certaui countries the blood grouping tests 
are rarely applied no provision bavmg been made for them by law In Italy for 
example paternity may not be disputed except m cases of tape Leone Lattes the 
most proimnent authority on the subject m that country stales that his experience 
includes only a few private cases and he docs not know of any ca'e before the 
Italian courts in wbi^ the M \ tests have been used 

Thomas points out that the number of affiliation applications in 
England and Wales averages 7200 each year, and an average of more 
than 2000 of the defendants are sent to prison every year for non 
payment Thomas urges the routine use of the blood tests m all these 
cases since he estimates that at least 1 100 men could be proved innocent 
m England by these tests each year 

In the United States, as is shown in table 100, the blood tests have 
been most widely used m New York State” on account of the laws 

"In addiUon to New Aork Slate the tests have thus far been used m this 
country in California New Jersey Connecticut Massachusetts Illinois Ohio Mary 
land Pennsjlvaniaand Wisconsin Other states are being added to this list 
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Table 100 


A\ailable Reports os the Use or Blood Grqupisg asd M N Tests is 
Eurofeas (1930-1937) and is Escusn and Auericas Colkts (1932-1942) 


Insestigator 

Country 

Num 

ber 

of 

Cases 

Number of 
Earlusions 

1 Per 

1 Cent 
Exdu 
^ sions 

By 

Tests 

for 

A&.E 

By 

Tests 

for 

M 

To 

tals* 

{ 

Schiff, Deiilselie ZUckr f d 







gfs gtnehll ilfd 21 404 







(1933) 

Germany 

911 

69 

82 

139 

14 7 

Dambrovsk}, Med lie// 







1938 832 

Germany 


46 

38 

76 

12 S 

WolH and Jonsson, Aeta 






1 

Pathol tliticrobtal Scand 







12 131(1935) 

Sneden 

m 

36 

38 


j n 5 

Clausen, Ztuhr Rasutipky 







Ml A 420 (1934) 

Denmark. 

119 

12 

15 

25 

1 21 0 

Routil, 1/i/{ d Atilhropol 







(jesellie/i tn l> ten 05 


1 





233 (1935) 

Austria 

129 j 

11 

10 

21 

’ 16 3 

PGschel, Zlsehr f 

j 





1 

iatt 81 445 (1934) 

Danzig 

1 

17 

17 

32 

20 5 

Hirszfeld, L personal com 







municatiofl 

Poland 

' }8^)^ 

9 

1 7 

33 

) ' 2 

Fnedcnreich, \ cited after 







Thomas, Jour Cnm Lau 







1 598 (1937) 

Denmark 

1778 



425t 

1 23 V 

Harley and Roche Lj-nch 






, 

Lancet 1 911 (1940) 

England 

SO 

4 

5 

8 

j 16 0 

11 lener, [/ S Late Rettmi 70 

VS A 

432 

27 

24 

46 

1 JO 7 

683 (1935) and unpub 

(mostly 






lished data 

NT C) 






Levine KJ Law Jour Oct 

USA (N J 

81 

1 

6 

7 

8 7 

5 (1939) 

and N y ) 






Witcbsky, Proc A Y Stale 

USA 

131 

8 

11 

18 1 


Assoc oj Puhl Ueallh 

(BuOalo, 






Labs 20 9 (1940) and un 

N3 ) 






published data 







Guttmacher, personal com 

USA (BalU 

74 

7 

3 

10 


munication 

more, Md ) 





1 

Evans, personal communica 

USA (Cal) 

IJlf 

8 

6 



lion 







ilyman andSnj der,t»A«oS/ii/e 

USA 

75 

3 

10 

13 

17 3 

Lav. Jour 12 203 (1936), 

(Obto) 






Hyman, unpublished 








* Figures jd tJtts column are less than the sum of the t«o preceding columns 
since, naturally, there are cases of eaduswnsnsadeby both methods 
t Tests for AI and N not done in a fe» cases 
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;h were passed there However, even in New York State the tests 
)nly being used in a small fraction of the cases of disputed paternity 
; in New York City alone an average of over 1000 proceedings are 
lied every year One factor probably responsible for this is the 
of familiarity of the legal profession with the blood tests This 
ition IS gradually being corrected as a result of the publication of 
imber of good reviews of the subject in law journals” Another 
jrtant factor is the cost of the examination However, the expense 
»nies insignificant when it is realized that if the defendant is con 
?d he must contribute towards the support of the child until the 
i IS 16 years of age 

nee the blood grouping tests have been made and an exclusion 
lined the results are almost invariably accepted by the courts as 
I However, in rare instances, as in two cases in this country, it 
be possible for a clever prosecuting attorney so to confound the 
with extraneous pseudo evidence that he may obtain a conviction 
le face of scientific proof excluding paternity 

I one case (reported by Hetse^*^) a man was adjudged <o be the father even 
gb blood grouping tests eacluded bun because of a fancied resemblance between 
accused mans father and the mfant The judge found the decision to be 
1st the evidence and granted a new trial It is significant that the woman never 
eeded with the new trial for the reason that although both she aod the putative 
:r were white the child s features gradually became negroid as it grew older 
second case a childrens court in California decided against a man 70 >ears 
ind impotent despite the fact that the blood tests exonerated him This er 
ous verdict was reversed in an eicellent decision rendered by the appellate 
t Unfortunatelj however on further appeal to the Supreme Court the verdict 
ae trial court was upheld on purely legal technical grounds 
0 the skeptic the most convincing demonstration of the accuracy of blood tests 
;e behavior of the woman when confronted mth the results of the tests In the 

Bntl Mmn Law Reiievf 21 671 (1937) Muehlberger and Inbau Jour Crim 
• and Crtmtnol 27 578 (1936) Wiener St Johns Law Retteitt 8 "0(1933) 
ner U S Law lieitew 70 683 (1936) Flacks Amer Bar Assoc Jour 21 
(193S) rdfd 23 4 Z (i93T) Koch St Johns Lm RevKW 9 IQZ (1934) 
ker and Bojd Jour Crim Law and Crimmol 25 187 (1934) Vogelbut 

'Ott Law Rev 6 101 (1936) Gallon Oregon Law Review 17 177 (1938) 
more Eitdence (3d ed 1940) 16Sa b 2220 etc 

'Amer Jour CUn Path 4 400 (1934) This case is cited as Commonwealth v 
imarelli 17 Pa D & C 229 

Arais V KaJensiioJj (CahJ ) 6" P (2d) 10a9 Rev 74 P (2d) 1043 Ab 
cted in Jour Amer 3/ed Assoc 110 466 (1938) Cf Bntt Minn Law Review 
836 (1938) Jennings Cal Law Rev 26 456 (1938) Other unfavorable deci 
s were made by other courts as follows State v Holad 24 K E 2d 962 
'nank v Bednartk 16 Atl 2d 810 Bardmg v Harding 22 NY Supp 2d 80 
;se decisions are cnticued in the following law reviews Jour Crim Law and 
■nmol 31 523 (1939) Bdl of Rights Rev I 226 (1940) Si Johns Lase Rev 
223 (1940) 
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vast majority of cases the woman readily admits the falsity of her accusation when 
informed that the putative father has been exdudid Naturally there are some et 
ceptions and the one cited by Judge Wylegala is most instructive” The girl in 
volved lived next to a fire house and her story wis well corroborated that one of 
the firemen a married man had talen her out several times a week over a period 
of more than two jears The firemans defense w s weak and his alibi highly im 
probable When he demanded a blood lest his attorney advised him to save his 
money Surprisingl> the test excluded him The giri stuck to her storj and the tests 
were repeated with the same result When questioied again the girl now recalled 
how one night she accepted a ride from an unknovn man who forced himself on 
her She ms »led however that he could not possiLiy be the father since she had 
been with him only once 

Several courts in the United States have rendered rather exhaustive 
and learned opinions favoring the blood tests It is to be expected that 
as the legal profession acquires greater famiUanty with the blood group 
mg tests and their usefulness in cases of disputed paternity they will 
be applied more and more frequently Particubrly it is hoped that in 
those junsdictions where statutory authority is necessary to enable 
courts to order these tests suitable legislation will be passed in accord 
ance with the law proposed above 

It seems hardly necessary to repeat that the testimony onl> of fully 
qualified experts should be accepted Reports of rather gross mistakes 
obviously due to insufiicient familiarity with the serologic and genetic 
aspects of the subject can be found in the literature 

“Witebsky and Wylegala Biood Grouping end Typing Tfjtf in Ablution Cases 
(Papers read at 19th Annual Conference of Judges of Childrens Courts of New 
\ork State Auburn N Y Oct 3 1941 privately printed) 

Mailer of Swchn 28S N\ ^upp 234 State v Damm 266 NW 667 104 
A L R. 430 Slate v B elhng 6 Ohio C^inions 3"1 Slate i U rtght 59 Ohio Appeals 
191 and 17 N E. 2nd 428 Beach t Beach 114 F (2d) 479 (1940) Euelide i Slate 
286 NW 3 Schul e V Sehul e 35 NN Supp 2d 218 Anderson v Anderson 
(III)iVK Law Jour 108 603 (1942) 

"Lauer Med 11 dl 8 933 (1934) Report e! Committee on Medicolegal 

Blood Group ng Tests Jour Amer Med Assoc 108 2133 (1937) Wiener \ida 
\uetaA2 131 (1938) Wiener Jour Amer Med Assoe 117 216 (1941) 
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INDIVIDUAL IDENTIFICATION OF STAINS IN 
FORENSIC CASES 

Blood grouping has pro\ed of value not only in disputed parentage 
but also in criminal cases where it is of importance to determine the 
origin of blood stains This application was first suggested by Land 
Steiner and Richter, ‘ who showed that it is possible to demonstrate the 
presence of isoagglutinins in dried blood stains Grouping tests on blood 
stains were first applied in criminal cases by Lattes,* in 1916, in a 
proceeding before an Italian criminal court From that date omvard, the 
number of cases in which the method was used gradually increased, and 
the tests were adopted by courts in several other countries, particularly 
in Germany,* Japan,* France,* England,* U S A , etc The following case 
may serve to illustrate the principles underlying the application of 
grouping of blood slams * 

A Homans corpse was discovered which had stab wounds on Us face Two 
country lads who possessed a meta) implement were apprehended The sharp ed^es 
of this implement which corresponded m size and shape to the wounds on the 
murdered woman s face were covered wub brown stains Ke%ertheless the youths 
denied any connection with the enme Examination of the stains on the weapon 
showed that they consisted of group B blood whereas the murdered waiman be 
longed to group 0 Several days before the trial, the real murderers were found 

As IS shown in the case just cited, blood grouping can be used to 
prove that a given blood stain could not have come from a certain 
individual, namely, when the blood stain is of a group different from 
that of the person from whom it is supposedly derived On the other 
hand, the fact that the blood stain is of the same group as that of a 
given individual is of course no proof that the blood came from that 


* 7-tth meeting of Deutsche Naturforschuni und Aert e Karlsbad (1902) Zlschr 
j Medfmalbeamle 16 8S (1903^ 

MrcA de Anthropol ertm e Med leg 37 422 and 538 (1916) 

‘Goroncy zhsUacts m Detitseke Ztsckr / d ges genchtl Med 11 409 (1928), 
13 234 (1929), Strassmami Deutsche Zlschr / d ges gtrtchtl Med 5 184 
(1925) etc 

‘Fujmara Deutsche Zlschr f 6 ges gerschtl Med 15 470 (1930) 

‘Marlin and Rochaix Ann Med leg S 1 (1925) Dujamc de la Riviere and 
Kossovitch ibid 7 390 (1927) 

‘Editorial Bnlish Med Jour (Match S, 1932), f'few FnrA Low /o«r (Feb 13 
1932) 

'Popoff Vhram Zeulrabl Blulgruppeujorsck 3 177 (1929) 
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person. Nevertheless, such information may be of value as confirmatory 
circumstantial evidence:* 

A murder had been committed by stabbing From the nature of the uound it 
seemed certam that some of the Wood must have spurted on the murderer’s clothes 
Upon adequate grounds, suspicion of the murder centered upon a man K He, how- 
e\er, denied any knowledge of it The clothes of K were secured one month after 
the crime, and on them several brown irregular stains were found which by chemical 
and spectroscopic tests proved to be blood The precipitin lest showed that it was 
human blood, and further examination revealed that the blood belonged to group B, 
which was the same as that of the murdered individual On the other hand, K was 
found to belong to group A K then confessed his crime 

Hence, blood grouping tests may help not only to acquit the innocent 
but also to convict the guilty. As an additional illustration, the following 
IS given Suppose a criminal is wounded in a chase by the police but 
makes good his escape. Some of his blood left at the scene of the crime 
is found to belong to group A, type N. Then all suspects except those 
belonging to this group and type can be eliminated and much time may 
be saved As a result, the likelihood of apprehending the real criminal 
is correspondingly increased Therefore, »t may eventually be found to 
be desirable to keep records not only of every criminal’s fingerprints 
but also of his blood group Incidentally, although it may be possible to 
destroy fingerptinis of criminals by a surgical operation, U is not 
possible to change their blood groups. 

As mentioaed above, if in murder cases, grouping tests reveal that the blood 
found OR the suspect’s clothing is not, as be claims, his cwo, ibis can ronsutute the 
most important link in the chain of evidence When Usts are made for only the 
four clusic blood groups the chance that the accused man and the victim belong 
to different groups is 1 — (0* 4- A* + B* + AB*) For most white races this 
would be approximately I — (040* + 040* + 0 IS* + 005*). or about 655 per 
cent » That is, in about two thirds of the ca«cs of this sort the blood grouping tests 
may prove of value, Ihe chances varying according W the group of the defendant 
Jf tests are also made for the M N Ij-pes and Ihe subgroups of group A and AB, the 
chance that the bloods of the suspect and victim can distinguished from one 
another are increased to almost 90 per cent It is obvious, therefore that when 
examining blood stains, the tests »hou)d be made as complete as possible 

If the blood is still fresh when found, so that blood suspensions can 
be prepared, the tests for all the groups and types can I>e done m the 
usual manner. With dried blood stains a much more difficult technic is 
required, and the investigator is restricted to the determination of the 
four blood groups and the presence or absence of M, since with dried 
blood the tests for the properly N and the subgroups of groups A and 
AB are not yet reliable. For best results with blood grouping tests in 

* Fujiwara, loe cU 

'This chance is considerably greater than that of paternity exclusion (cf page 
382) 
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criminal cases, therefore, police officers should be instructed that all 
blood stains found at the scene of the crime are immediately to be 
brought to the laboratory for examination Since the determination of 
the group becomes more and more difficult with the passage of time after 
death, it is advisable that the determination of the group and M N type 
should be made a routine part of the post mortem examination in all 
cases of death by violence, whether or not there is suspicion of murder 
at the time 

Inasmuch as properties corresponding to the agglutinogens A ?nd B 
can be demonstrated m the seminal fluid (cf Chapter XVII), grouping 
tests may also prove useful m cases of rape or assault (cf page 416) 
With regard to such stains, the same general principles apply as for 
blood but here the tests are limited to the determination of the four 
groups alone (cf page 294) 

TECHNIC OF EXAMINING BLOOD STAINS 

When examining a supposed blood stain it is first necessary to estab 
lish that the stain actually contains blood This can be done by the 
usual chemical methods Spectroscopic examination may be of value ** 
After It has been proved that the stain really consists of blood it is 
necessary to determine whether or not the blood is of human origin If 
the blood IS sufficiently well preserved a microscopic examination should 
be performed since the morphology of the cells may give an indication 
of their origin (E g , if the cells are nucleated and elliptical they are 
not of mammalian origin ) To establish the human origin of the blood 
hov^ever, precipitin tests must be performed “ For convenience, a brief 
outline of this test will be given here 

Precipitin Test 

Preparation of Prectptlm Sera The precipitating immune sera are obtained most 
Teadil> by in]ecting rabbits with human serum Satisfactory results can be obtained 
by givnng courses of 6 or 7 daily intravenous injections of small doses of serum (e g 
2 cc of a 1 10 dilution) alternating mth rest periods of 7 to 10 d3>s the first 
injection of the 2nd and later courses may be given subcutaneously The rabbits 
are bled one week after the last injection of a course Some rabbits produce potent 
sera after 2 courses of injections others only after 3 or more courses At any rate 
the rabbits should be bled as soon as the titer is sufBcjentJy high 'ince if the injec 

"For a full descnption of the %ariou$ chemical and spectroscopic tests for 
blood see Gonzales Vance and Helpem Legal Medicine and Toxicology Chapter 
X\Iir D Appleton Century Co N V (1937) 

Cf Uhfenhuth and Seiffert Biofogischc Eiweissdifferenzierung mittels der 
Pracipitation mit besonderer Beructsichtigiing der Technik KolJe U ossermann s 
Handbuch der Pathogenen Mtbroorgamsmen III 1 365-468 (1930) Smith and 
Glaister Recent Advances in Forensic Medicine Chapters M and LII Philadel 
phia (1939) 
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lions are prolonged Ihe «pecificitj (and potency) of the serum may decrease. U hen 
antisera must be obtained in a «hort time one can follow the recommendation to 
give 3 intrapentoncal injections on successive da>s of S cc 10 cc and IS cc 
of «eniin respertjveJj, and bleed the rabbils on the ninth day 

To be satisfactory the immune sera must be perfects clear sterile of high 
potenc> and of high specificity The sera * *ill u<uan> be clear if the rabbits are 
given no food for 18 hours before the bleeding To secure sterilitj the sera can 
be filtered through a Berkefeld or Seita filter thojgh if the rabbits are bled a'eptic 
allj this step is not essential As a pre*enative 0 > per cent phenol and other chemi 
cals have been suggested, Ihe writer u'es 1 10000 metbiolate The «erum need 
not be inactivated Kept in the relrigeralor with or without the addition of a 
pre'enatne precipitating sera are often usable even after )car5 A usual method 

Table 101 

SatELiE yoR Precipitis Test (Alt r Hektocri*) 


1 Extract ol blood stain -hantiserum 

2 Extract of blood stain+normal rabbit ceruro (Estimated d lution of blomi 
slam in Tubes 1 and 3, 1 1000 > 

3 Extract of bloodless part of shirt +anli«erum 

4 Salt soIutiOR-hantiservim 

5 Human blood or serum 1 lOOO+antiserum 

6 Blood or serum other than human I tOOO+anliserum 


*Jeiir Jmer fM Assce 70 1273 (1918) 

for determining the (iter of an immune serum is to (eM it against ddu ions of 
human serum as follows Into a senes of smal test tubes 0 5 c c of 1 ^00 1 1000 
1 5000 1 10 000 and 1 20 000 dilutions (in normal salm*) of human serum arc 
placed Then 01 cc portions of the antiserum to be titrated are added )\ith a 
satisfactory precipitating serum clouding is evidcot in the firvt two tubes at once 
at the late«l in 1 to 2 minutes. Alter a longer time turbidity may be apparent nt 
a dilution of antigen of 1 10 000 or higher A good immune 'crum is not only of 
high potenc> but also specific, thus, in tests made with I 100 and I 500 dilutions 
of serum from an unrelated »pecics no (urbidiiv should be visible even after 20 
minutes. 

Preparation of Extracts The actual test is performed on a 1 1000 dilution of the 
Siam m normal saline solution Since in practice most stains will be dr> and often 
not compJetcl> soluble this can only be approximate The proper dilution can be 
recognized in the following wa)'s the solution appears clear and almo‘t colorless 
when held up to the bght, a foam that tends to perMst forms if the solution is 
blown through with a pipette, and a slight cloudiness appears on addition of mine 
aad or on heating If there is an> doubt two or more different dilutions should lie 
prepared and all tested Old slams arc Usuall) more difficult to exiract than fresh 
stains and if the extraction requires more than two hours it should be earned out 
m the refrigerator Turbid extracts must be clanfied bj filtration or centrifugation 
The reaction of the extract » te‘ted with IiIitok paper As a rule (he reaction will 
be neutral otherwise the ‘olution should be neutralized before making the test 
As a control extracts are made of uQ<tt!f!«d portions of (be malerul from nkick 
the blood slain is taken particularly of clothing which ina> have been m contact 
with organic matter capable of reacting with tlw preciptin sera 
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The Tests The precipitin tes‘ for a blood stain on a shirt for example can be 
conducted as shown in table 101 

In each tube is placed 0 2 to 0 S c c of extract or control solution and 0 1 c c of 
anti human rabbit serum or normal rabbit *cruni (cf table 101) is added After 
mixing the tubes are watched for the appearance of a grayish white turbidity or 
precipitate If a precipitate is formed withm a few minutes m tubes 1 and 5 but 
no precipitate appears in any of the other tubes after 20 minutes it may be con 
eluded that the blood is of human (or roontey) ongm The technic of the tests can 
be vaned e g with 5 drops of extract or control solution 1 drop of «erum is mured 
and the mixture examined for turbidity In forensic cases the tests should be done 
in duplicate preferably with two different immune sera 

The author prefers to carry out precip tin tests routinel> in narrow tubes by the 
ring method This technic gives sharp results and is at the same time economical 
of material The tubes are prepared from narrow glass tubmg (2 mm inside 
diameter) by cutting it into 5 inch lengths and sealing one end of each piece of 
tubing m a Bunsen dame Instead of sealing (he tubes with a dame one can stick 
them vertically into a traj filled nilb plasticine in order to close the bottom ends 
In the tests the precipitin serum is first placed with the aid of a capillary pipette 
into the bottom of the tube so as to form a column about one-quarter inch lugh 
then the extract is carefully pipetted above it care being taken not to trap any air 
bubbles between the two la>ets Tbe precipitate is easier to see if the tubes are 
held up to he light aud a dark background held slightly below the level of tbe 
liquid IS interposed bedreen the Iigbt and tbe tube 

B} reason of the high sensitnit} of (he precipitin test one must be careful 
that all glassware and pipettes used have been thoroughly cleaned Individual 
pipettes must be used for every specimen and reagent and all reagents particubrly 
the salt solution must be free from contamination 

Heating alcohol formaldeh>de and various other chemicals interfere with the 
precipitin test However blood stains 15 to 60 years old have been successfully 
identified In fact it is stated thj* positive precipitin reactions have been obtained 
With tbe extracts of muscle tissue of Egyptian and American mummies. Smee dried 
blood resists deterioration much better ttun fluid a few samples should be dried on 
filter paper or glass and preserved in that State whenever the examinations cannot 
be earned out at once 

If the precipitin reaction is positive this does not neces'anly prove that the 
sta n consists of human blood since other nutenal of human origin for example 
semen muscle extracts etc react with anti human precipitin sera To prove that 
the slam actually consists of blood chemical or spectroscopic tests must be done 
as mentioned above 

lionise! sisms ess a’jc he aiJiwJAfed »Hi> the sji} syf pwr.vavUo sen 
human hemoglobin For a number of years the present author has routinely 
earned out this test alongside with the usual chemical and precipitin tests fn bomi 
cide cases The mam disadvantage of this excellent test la that the antisera are 
difficult to produce because hemoglobin is a relatively weak antigen A satisfactory 
hemoglobin solution for immunuing rabbits and for use as a control can be pre 
pared simply as follows The erythrocytes of a curated blood sample are washed 
several times with saline to remne tbe plasma and to the packed cells 9 volumes 
of distilled water are added in order to hemolyae them The solution is made 
tsotonic by adding one-tenth volume of 10 per cent sail solution and then cleared 
by cenlnfuvatjon or passing it through a ^lU filter In a few cases the author 

“HektcenandSchulhoIf Jour Inf Dis 33 224 (1923) 
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has obtained positive results aith the anti hemoglobin serum %hetc the usual pre 
cipitin serum failed 

If lie precipitin reaction is negative thu means either that the stain is not of 
human origin or that the specimen has detcnorated It is desirable to have on hand 
a vanetj of precipitating immune sera for blood of domestic animals such as 
catlle sheep dogs chictens etc ** since if the test with anti human serum is nega 
live tests with one of the other aoti sera m^ht be positive and this vrould soke 
the problem. A\ith stains contaming mixtures of bloods from too species tests with 
both of the respective precipitating sera will be positive 
Group Reactions In an extensive study of precipitms for blood sera from numerous 
animal species involving m all about 16000 tests Nuttall'* observed that pre 
cipjtins usually reacted not only with the *erum injected ( homologous or 'pe 
cific reaction ) but also with the sera of closel> related «pecies ( group reaction ) 
This applies not only to precipilins for serum but also for hemoglobin so that as 
pointed out positive results in the precipitm reaction as ordinanlj carried out 
prove the presence of human blood only if monlce) blood can be excluded Uhile 
usually the circumstances preclude this possibility it mav in very nre cases be 
necessary to distinguish betneen human and monkey blood Should a distinction 
between human and monkey blood be necessary an extremely improbable case the 
differentiation could easily be made vvuh a properly absorbed serum (cf below) 

Fretiptlm Reaction of Seminal Fluid Seminal stains can frequently be identified 
by <imp]e microscopic examination of stained preparations since (be sperm cells 
usually resist dr^ang Hektoen'* has recommended (he use of precipitin sera for 
identifjmg such stains particularly where the sperm cells are no longer recognixable 
The injection into rabbits of animal or human *eminal fluid induces the formation 
of specific precipitms which however in most cases also precipitate the homologous 
blood serum Hektoen states that the precipitms for blood serum in anti semen 
<erum can usually be removed complete!} by treating the precipitm serum with an 
equal volume of a 1 200 dilution of the corresponding serum Since the removal of 
cross reactions from precipitin sera also has other applications the method will be 
given here in some detail 

The simplest method of eliminating cross-reactions is to use diluted (eg 1 2 
or 1 4) instead of concentrated antiserum in (be test« because sufficient!} diluted 
antiserum will usually precipitate only the homologous antigen Eclicr lesalls may 
perhaps be obtained by absorbing the antiserum with the heterologous antigen 
so as to remove the group precipitins Accord ng to Schiff and Boyd ’ the anti 
serum should be treated with that quantity of heterologous antigen with which 
it reacts most lapdly ( optimal proportions of DeSn and Webb) To determine 
this tests are made with the diluted antiserum (eg 1 5 or 1 10) against a «enes 
of dilutions of the heterologous antigen and the rates of flocculation are compared 
The quantity in the tube showu^ precipitation mo't prompt]} is multiplied by 

“ If anti rabbit immune sera arc needed these are prepared by immunizing 
chickens 

‘Nuttall Blood Immunity and Blood Relahonsk’p — The Precipitin Test Jor 
Blood 214 pages (1904) 

“Occasional precipitm «era were encountered which reacted not only with Hra 
from related species but also with low dilutions of mammalian sera in general 
( mammalian reaction) Sera of this type are of course unsatisfactory for forensic 
work, 

‘Hektoen and Rukinstat Arei Path 6 96 (1928) 

" Blood Grouping Technic p 163 (1942) 
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S or 10, as the case may be, to obtaio the approprute amount to be added to the 
antiserum The proper amount of antigen is added to the antiserum taking care 
that the volume of the former is Jess than half the volume of the latter, and the 
mwture is allowed to stand o%en}i^t in the refrigerator The precipitate is re 
moved by centrifugation, and, as a rule, the supernatant will now be found to react 
with only slightly diminished potency with the homologous antigen while the group 
reaction no longer occurs If the group reaction has not been completely removed 
the absorption should be repeated with a smaller quantity of the heterologous antigen 

Grouping Tests 

As has already been mentioned, if the blood stains are still wet when 
found, all that is necessary is to drop a small amount of the stain into 
saline solution, and to test the resulting suspension like fresh blood 
If a large enough clot Is present, the serum should be separated and 
examined for its isoagglutinm content 

While C3rr>ing out routine grouping tests on postmortem blood samples m 
homicide cases, the present author had an interesting experience One blood sam- 
ple gave reactions corresponding to group A but the cells failed to agglutinate in 
either anti hi or anti N serum Suspicion was aroused by this result, especially 
since the erythrocytes appeared slightly smaller than usual the bottle was not 
labelled and the amount of blood supplied (4 ounces) svas extraordinarily large 
considering tbe age of the deceased (6 months) Moreover, tests on the serum 
showed that it agglutinated all human bloods Precipitin tests were then carried 
out, and negative reactions were obtained witb anti human precipitins positive 
reactions with an anti ox precipitin scrum that was available at the time Inquiry 
revealed that the messenger in bis baste had picked up a bottle of sheep blood 
instead of the blood sample of the deceased 

Since, as already mentioned, grouping tests on dried blood stains are 
much more difficult and at the same time apt to be less informative than 
tests on wet stains, wet stains that cannot be examined promptly 
should be carefully preserved in order to prevent drying, hemolysis 
and bacterial contamination Police officers’* finding such stains at a 
distance from the laboratory should drop them into a bottle or tube 
which is tightly stoppered and packed in ice (not dry icel >), taking 
care to avoid any direct contact between the stain and the ice. A small 
fwvitwft cr/ fAe sfarn irray sfso de pfewf nr a s smsfJ 

amount of isotonic salt solution (readily prepared by dissolving about 
two heaping teaspoonsful of table salt in a quart of water). If drying 
cannot be prevented, as in the case of thin stains on knife blades, the 
instrument should not be packed until drying is complete, or the stain 
may be taken up by the wrapping paper Needless to say each article 
should be packed individually, espedally when the stains are wet 
As Schiff and Boyd’* state, the grouping of dried blood stains, though 

“Cf Holzer, Ergeb d ges Med 20 . 368 (193S) 

"Blood Grouping Teckntc, p 1S8 (1942) 
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simple in prinaple, is much more delicate and exacting than other serolo- 
gical tests such as the Was'ermann test, especially since an accused 
man’s life might conceivably depend on the results (cf page 420) 
These authors point out that individuals familiar wth other aspects 
of blood grouping are not necessarily exjuipped to carry out such tests 
and advise that no one should venture to carry out these examinations 
in medicolegal cases unless he has previously had experience in serology 
and correctly grouped a large number of stains 

tVhen examining dried blood stains one must plan the tests so as to 
utilize the material available to the best possible advantage ^\*here the 
stains are large, no special plan of approach is necessary while with 
very small stains one may hxive to forego the grouping tests entirely 
and hmit oneself to the chemical and precipitin tests As is indicated 
below, stains on hard surfaces and on adsorbent materials are grouped 
by different technics, so that each case should be individualized WTiere 
the amount of stain is limited, considerable experience is required m 
order to extract the maximum possible information 

^^’he^e\er possible, dried bfo^ slams should be examined for their 
content of both i«oagglutiQins and isoagglutmogens Since the isoagglu 
Unins are more labile than the isoagglutmogens the tests for the latter 
are more apt to succeed However, the isoagglutimns can aUo be de- 
tected in dried blood after a considerable time*” and inasmuch as the 
methods of demonstrating isoagglutimns are simpler (and were de 
veloped earlier) they w ill be described first 

Techntc of Testing far Isoagglutmim tn Dried Blood Slams When 
testing stains for their isoagglutmin content, one must have available 
fresh blood suspensions of known group and of high sensitivity prefer 
ably washed once with saline solution Since different group B bloods do 
not vary significantly in sensitivity, any sample of fresh group B blood 
IS suitable, for group A test cells an individual of subgroup A, should 
be selected, in addition, group 0 blood should be available for use as a 
control 

Tests for isoagglutimns can be earned out either directly on the 
dried blood stam itself or ou extracts of the stain The direct test is 
particularly suitalile when the Wood slam is in the lorm ol a crust lot 
example, for stams on non absorbent materials such as glass metal 
stone, etc Surprisingly, suitable crusts can be obtained at times from 
garments, particularly when the blood has been sprayed on the surface 

"Lewnc was able to detect both isoajjiulmins a and P in a dned blood ‘lam 
4 iws old lAmer Jour Police Sc$ 3 157 (1932)] 4150 Balgaircs and Chns- 
tiaen Ann de iUd Ug 17 215 (193") The latter invesligators could demon 
strate the presence of the isoagglutimns in almost all their dried blood stains tepl 
for 9 months and in more than half their slams that had been exposed to sunl ght 
during ihJS penod 
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in the form of droplets ^\h^ch drv quicUy before they can soak into 
the material Best results are obtained with small thin crusts, under 
ideal conditions positive results may be obtained with quantities as 



Fig 68 Tests fob AccLxm\it,s iv a Dried Blood ^taiv 
(Magnified 90X) 

A Negalne reaclioD B Positive reaction The blood crust can be seen 
on ihe Jeft and the lest red blood corpuscles on the right Between the crust 
and red blood cells is a clear zone that forms as the dried blood goes into 
solution 

small as 1 or 2 milligrams Paradoxically, thicker crusts give less satis 
factory results, possibly because larger slams dry more slowly, allowing 
time for the blood clot to retract and e-rpress part of the serum 
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Equal portions of the blood crusts are placed on each of three glass 
slides, and to these are added one drop of freshly prepared 2 per cent 
blood suspensions of the standard O, Ai and B bloods, respectively A 
cover slip is immediately dropped over each mixture, and if crusts of 
suitable thickness have been selected, the cover slip will lie flat and 
the drop of blood suspension will spread until it fills the space between 
the cover glass and slide The slides are placed in a moist chamber for 
about 30 minutes, being removed during this interval from time to time 
for examination under the low power lens of the microscope ^\lth 
thicker blood crusts it ma> be necessarj to press gentlj on the cover 
slip in order to make it lie flat and to help the blood slam dissolve In 
positive reactions, at first onlj the cells immediately adjacent to the 
blood crust are clumped, since there the concentration of agglutinins is 
highest With the passage of time more and more of the isoagglutinins 
in the stain are dissolved and at times complete agglutination may re 
suit The microscopic appearance of typical positive and negative reac 
tions is shown m figure 68 Gentle pressure on the coversUp should be 
applied while reading the reactions under the microscope, since this 
will have little or no eflect on true t«oagglutinalion but will usuall> 
cause rouleaux formation to break up In addition, the tests against 
group 0 cells should show no trace of agglutination 

For blood stains on cloth or similar absorbent materials u has been 
recommended to extract with minimal amounts of distilled water and 
then to evaporate the resulting ted solution obtained to dr>ness on glass 
at room temperature The ponder obtained in this way (or by scraping 
the original stain off a hard surface) is mixed with very small quantities 
of distilled water to make a paste, and lhi& is permitted to dry on a 
glass slide (or coverslip) To the dry crusts which result the test cell 
suspensions are added 

On the whole, the reactions with these artificial blood crusts are not 
as satisfactory as those obtained with natural crus.ts Somewhat bet 
ter results may at times be achieved with the aid of extracts of the 
blood stain This method is particularly suitable for stains on cloth 
provided that suffiaent material is available for examination A portion 
of the stained cloth is thoroughlj moistened with a small quantitj of 
distilled water or weak saline solution It may be necessary to manipu 
late and squeeze the cloth with the aid of a forceps or a clamp After 
about 5 to 10 mlnute^ (with old blood stains the period of extraction 
required may be much longer) as much of the liquid as possible is 
expre^i'Jed from the cloth, and m this way a dark red extract of the 
stain IS obtained If the blood is in the form of powder it may be ex 
tracted in the cold with 4 times its weight of weak saline solution After 
a few hours the mixture is centrifuged and the supernatant fluid taken 
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off The extract is then tested hke ordinary serum against standard cell 
suspensions of groups 0, Ai and B 

Better results can sometimes be obtained by using larger amounts of 
extract and weaker blood cell suspensions in order to increase the sen 
sitivity of the tests (cf page 20) Five drops of blood stain extract, 
clarified by centrifugation, are placed m each of 3 small test tubes and 
one drop is added of freshly prepared 0 5 per cent suspensions of O, Aj 
and B blood, respectively The mixtures are allowed to stand for 5 to 
10 minutes and then centrifuged at low speed for I minute The super 
natant dark fluid is decanted and to the sedimented cells one drop of 
saline is added The tubes are then gently shaken and the reactions read 

In interpreting the results of tests for the presence of isoagglutmins 
in dried blood stains it must be borne in mind that only positive findings 
are of significance Agglutination of either or both suspensions, Ai and 
B, proves that the corresponding isoagglutinm is present m the stain 
Absence of agglutination does not permit the conclusion that the iso 
agglutinins were originally absent, as the agglutinins may have deterior 
ated If the standard group A and B cells are both agglutinated but the 
group 0 cells are not, the stain must belong to group 0 However, if only 
the A cells are agglutinated and not B, for example, the stain may belong 
to group B, but It could also belong to group 0 if the isoagglutinm has 
deteriorated, as well could happen particularly if it was weak to begin 
with In any event, such a stain could not belong to group A or 
group AB 

When testing for isoagglutmins, pseudoagglutinalion must be care 
fully guarded against The differentiation between isoagglutmation and 
pseudoagglutinalion has already been discussed (cf page 36) The addi- 
tion of lecithin to the cell suspension has been recommended for the 
prevention of pseudoagglutination (Lattes), but the writer has never 
found It necessary to resort to the use of this device, since the cntena 
described in table 10 for recognizing and preventing pseudoagglutma 
tion were sufncient 

Although pseudoagglutmation is the most frequent cause of error 
ifiten exammrag blood sCstas, tite o(Ikc possible socrrces' of enrw mast 
albO be considered (cf Chapter III) 

Landstemer and Richter showed (hat it is possible to prose that a 
blood stain could not have come from a given individual without first 
determining the group of the stain Thus, if an extract of the blood 
stain IS found to agglutinate the red blood cells of the individual, the 
stain could not have been derived from that person’s blood It is alnays 
best, however, to combine this method with the actual determination 
of the blood group of the stain, the two tests serving as mutual checks 
Techmc of Testing for Isoagglutmogens tn Blood Stains The presence 
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of agglutinogens m dried blood stains is determined by the capacilj of 
the stain to specifically absorb agglutinins so tJiat the technic is similar 
in principle to that employed for demonstrating group specific sub 
stances in tissues and secretion (cf Chapter W II) 

The grouping of blood stains by the absorption technic has certain 
limitations and pitfalls nhich the investigator must constantly bear in 
mind Prolonged drying of blood stains denatures them and eventually 
renders them largely insoluble under which conditions they lose their 
capacity to absorb the group agglutinins while most secretions contain 
mg group substances tend to remain soluble Accordingly the failure of 
a blood stain to absorb agglutinins is not conclusive evidence of the 
absence of the corresponding agglutinogen Since many bloodstained 
articles espeaally underwear in practice have proved to contain group 
specific substances this not infrequently interferes with determination 
of the agglutinogen content of a blood stain While freshly laundered 
clothing give no group reactions after being worn a fen days they are 
likely to give reactions corresponding to the blood group of the owner 
and even apparently clean nonabsorbent objects such as doorknobs 
furnace shakers etc which are handled a good deal may give group 
specific reactions Accordingly the serologist should never undertake 
the grouping of blood stains by the absorption technic without testing 
simultaneously apparently unstained portions of the object WTiere the 
bloodstained article is too large to be sent to the laboratory the police 
officer should remove the blood stain together with a liberal portion of 
the unstained area If an unstained control is not available the bsorp 
tion test should not be attempted and the examination should be I mited 
merely to tests for the agglutinin content 

In selecting testing sera for the absorption tests the same general 
principles apply as those presented on page 280 when discussing the 
examination of organs and secretions for group substances Obviously 
more material is needed to appreciably reduce the titer of a potent serum 
than to completely absorb a weaker serum on the other hand with 
too weak a serum a slight nonspecific reduction in titer may simulate a 
specific reaction Reagents with a limiting titer of 8 to 16 are satisfac 
♦.•My is. wis, pj'.vAfi.'i w. beU« cesulU are obtained by 

using potent •'era diluted with «;aiine than by using undiluted low titered 
sera If there is only enough blood stain for a single absorption equal 
parts of double strength anti A and anti B sera should be mixed and 
this pooled «erum used (or the tests This is preferable to the use of 
group O serum since the agglutinins present m such serum are often of 
unequal titer, al<o when group O sera are treated with either A or B 
blood there may be a distinct diminution m the titer of the heterologous 
agglutinin (cf page 26) ” 

" In this connect on see the paper by Harley [Snt Jour Exp Path U it 
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In testing for the presence or absence of agglutinogen A, cognizance 
must be taken of the fact that the A agglutinogens in the two sub 
groups Ai and A*, and m group AB, differ not only in their sensitivity 
to agglutination, but also in their capaaty to absorb anti A agglutinins 


Table 102 


ABSORpnov Trsrs or Tno Scrosg” B Sera with Blood Staiss of Types 
Ai AiB, At AjB AND O (After Therkelseo) 



This is illustrated very well in table 102, which is taken from a study 
by Therkelsen ” Incidentally, this table also demonstrates that if the 
sera used in the absorption tests are too strong, it may be impossible to 
demonstrate the presence of weak agglutinogens, such as the agglu 
Imogen A in AiB blood The tests for B are carried out in a similar 
manner using standard A serum and test cells B (the question of sub 

(1936)] who encountered an unusual group O scrum exhibiting the property that 
while blood of group B removed only the anti B agglutinin blood of group A 
absorbed the isoagglutinms not only for A but also for B blood 
“Zischr f Rassenpkysiol 8 98 (I9M) 
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groups not pla>ing a part here) The titrations and tests can be earned 
out either in small test tubes or on slides, the former being preferable 
(cf page 13) 

If the stain is found to be m the form of a crust, this is reduced to a 
fine powder This is important because in this manner the surface of 
the stain m contact wth the serum will be increased and the absorp- 
tion will be more complete Small amounts of powder are added «epa 
rately to group A and group B serum, respectively, m two small test 
tubes in the proportion of 10 mg to every 0 I ex of standard serum 
(titer about 16) After the mixtures have stood for 30 to 60 minutes 
at room temperature, the tubes are centrifuged and the supernatant 
fluid tested for its agglutinin content The absence of the isoagglutinm 
from either test serum or a significant reduction in the titer of the lest 
serum indicates the presence of the corresponding agglutinogen iti the 
blood stain According to Schiff, absorption tests may be supplemented 
by applying Ibe tnetbod of splitting ofi agglutinins (cf page 27) 

Where stains are spread over non absorbent surfaces in a thin layer 
the following technic has been used by the author with success Two or 
three drops of the testing serum are placed on the stain, and these are 
sucked back and forth with a capillary pipette until the stain is com 
pletely dissolved or suspended If the amount of slam taken up is not 
enough to turn the serum dark brown the serum is dropped on a fresh 
portion of the blood stain and the process repeated The mixture is then 
placed in a narrow tube (2 mm inside diameter) and allowed to stand 
m the refrigerator (As a control a few drops of testing serum are 
treated at the same time and m the same way with an unstained portion 
of the surface of the article ) The following day the tubes are cenlri 
fuged and the supernatant «erum tested for its agglutinin content For 
the group A testing serum, anv fresh group B suspension may be u«ed 
for the group B testing serum, best results will be obtained if blood 
suspensions of subgroup Aj are selected (cf page 279) 

For stains on cloth or other similar absorbent material the author 
has found the following technic to be satisfactory Equal portions of 
the stained cloth are placed on a watch glass To each is added only as 
much standard serum of group A and group B (tiler S 16) as the 
stained cloth will hold It is often helpful to manipulate and press the 
hard, dry stained cloth so that it will absorb the serum Small pieces 
of unstained cloth are treated in a similar manner After 10 to 15 mm 
utes, each piece of cloth is pressed m order to squeeze out the serum as 
completely as possible If the tests have been carried out properly and 
the stain is not loo old, the serum recovered from the stained cloth will 
be dark red in color Each portion of serum obtained is then tested 
against known cells of grouj^ Ai, Aj and B The reactions obtained b> 
this method in an actual medicolegal case are shown in figure 69 The 
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A serum 

stained 

cloth 


slameil 


A s«rutn 
treated 
with 

unMaiflfd 

cloth 


B serum 
with 

unstained 

cloth 



Fio 69 Determination or the Group or a Dried Blood Stain on an Onercoat 
{lyt diameters) 

Tbe tests ha\e been «et up on a paraffin nng slide In each cell of the first row 
was placed one small drop (025 cc) of A| cells, in each cell of the 2nd row, Ag 
cells, in each cell in the 3rd row, B cells To the first cell of each row was added a 
small drop of A serum that bad been treated with the blood stained portions of tbe 
cloth, to the 2nd cell of each row, B serum treated with the blood stain, to the 
3rd cell of each row, A serum treated with unstained cloth, to the 4th cell of each 
row, B serum treated with unstained cloth The stain absorbed agglutinin a but 
not P and therefore belongs to group A. 


method is most successful if the blood-stained material is relatively 
thick, so that the stain is compact WTien the blood is spread thinly 
over a wide surface, the agglutinins may be incompletely absorbed, 
even though the stain appears to be large It should be emphasized again 
that the control test with the unstained doth must never be omitted; if 
possible, the control portions of unstained cloth should be taken from 
the immediate v idnity of the blood stain itself. 

The dark browm color of the solutions recovered after absorption may 
interfere with the reading of the agglutination tests The reactions are 
more easily read if the tests are made on slides and the Ia> er of fluid is 
thin, or the tests can be conducted by the technic suggested by Clausen 
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(cf page 416). In a way, the color of the solutions offers an advantage 
by indicating the amount of dissolved material and the solubility of the 
stain If, for instance, the color is ver>' light, there is not much chance 
of success 

If there is very little material for testuif, the technic described by Bojd and 
Bojd” may be found suitable An amount of stained material containing only 
about 4 to 5 mg of dried blood (equivalent to about ^ of a drop of blood) is 
taken If the blood stain is found on linen, for example this quantity would be 
spread over 1 square centimeter of the malemt Two such samples ate placed tn 
two small test tubes to which are added 01 cc of A and B sera, respectively 
(diluted so that their limitmg titers arc S to 16) The blood stain and serum in 
each tube are prodded with the aid of a Ibin glass rod «o that the material becomes 
wet The mixtures arc placed in the ice box for 24 hours after which time some of 
the fluid IS removed and tested A second test is made after an additional 24 hours 
The tests are set up by the hanging drop method on cover slips sealed with vaseline 
on to well slides The amount of scrum and mateml is so chosen that there is 
barely suffi'-ient excels of serum to yield a few loopfuls for testing When it is 
difficult to recover the fluid, a little can usually be drawn up through a capillary 
pipette pressed against the material 

Boyd and Bo>d, m making tests for isoagglutinogtns in blood stains have also 
obtained <att3factory results by using standard sera prepared from properly diluted 
and absorbed immune rabbit sera against A and B <cf page 31) If sufficient 
material is available the use of such reagents in addition to the usual standard 
group A and group B seta constitutes a check on the findings 

It must be pointed out that, when interpreting the results of the ab* 
sorption test for isoagglulinogens in blood stains, just as mih the tests 
for isoagglutinins, only positive findings are of significance Taiture to 
demonstrate any isoagglulinogens does not necessarily mean that the 
blood stain belongs to group O, because the agglutinogens originally 
present may have been destroyed, or the amount of material used for the 
test may have been inadequate or the technic of the test not sufficiently 
sensitive Hovicver, with proper technic, the failure of a blood stain to 
absorb the isoagglutinins is a valuable check on the successful demon- 
stration of the presence of both isoagglulinins anti-A and anli-B in the 
stain, and is practically diagnostic alone if the material is fresh and 
sufficient in amount If the stain b found to absorb antl-B agglutinins 
but not anti-A, the stain cannot belong to group 0 or group A, but it is 
not possible to assert with certainty whether it belongs to group B or 
to subgroup AtB This may then be decided by testing the stam for its 
agglutinin content. If the stain (shown not to contain any agglutinins) 
absorbs both agglutinins anti-A and anti-B, because of the possibility 
of non-specific absorption, the diagnosis AB may still be open to ques- 
tion This diagnosis is supported if control tests show that hetero- 
agglutinins for animal blood, e g , rabbit blood, present in the test sera 
are not absorbed. 


'Jour Immunol 33 1 159 (1937). 
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Attempts to identify group O as a positive property, which would be 
particularly valuable for stains whose agglutinins have deteriorated, 
have not yet completely succeeded As shown in table 103, the use of 
anti-0 sera may make this pt^sible, but suitable reagents are difficult 
to obtain and, as a rule, the reactions are not clean-cut. 

Table 103 

Demonstration or the Pkoperty O in Group 0 Blood Stains 
The reagent used for these tests was prepared bj' absorbing a particular normal 
or serum, found to contain anti O (or anti A*) agglutinins, with packed washed 
human red blood cells or subgroup Ai 0 ! c c portions of the reagent were treated 
with 10 rag of each pulverized di> blood stain The reagent was tested beforeand 
after absorption against 0, Ai, and Aj cells Note that the group O stains not only 
absorb the anti 0 agglutinins, but also give off anti A agglutinins 


Anti 0 (ofj) Serum 
Treated 

ith Blood Stain of 

1 Tested Against Cell Suspension 

0 i 

A, 

A, 

J C Group 0 

f tr i 

tr i 

+ ± 

J S Group 0 

tr 

+ + 1 

+ + 

D JfcL Group 0 

tr 

tr 


J St Group Ai 

+ ± 

+ ± 


B W Group Aj 

± 

± 


B m F Group B 

+ ± 

■h± 

' +± 

Control — Untreated Reagent 

+ ± 

+ ± 

- 


The fact that substances resembling (he group-specific substances A 
and B occur in the secretions or blood of certain animal species, and 
that agglutinins for A and B may be present in animal sera should not 
constitute a serious source of error provided that precipitin tests are 
made to exclude the presence of contaminating animal materials which 
might be expected according to the circumstances of the case Here the 
use of anli-A and anti-B testing fluids prepared from immune rabbit 
sera has the advantage that these reagents do not react 'with animal 
blood. 

From the foregoing it is evident that it is by no means always pos- 
sible to make a definite diagnosis of the group of a blood stain How- 
ever, any positive findings are of value, since even though they may 
not permit an exact diagnosis, they limit the possibilities by excluding 
certain groups If the reactions are not distinct, in view of the great 
responsibility involved, it will be better to withhold judgment than to 
render a report ^\hich may be inaccurate. 

Individual Diagnosis of Stains by Means of Agglutinogens Other Than 
A and B. According to preliminary experiments performed by Land- 
steiner and Levine,** the presence or absence of the agglutinogens M 


'/our. Exp lied 4?: 757 (19/8). 
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and N in dried blood stains se\eral weeks old was demonstrated by de 
termmmg the absorbing capacity for the corre-:ponding specific immune 
agglutinin 

The «ame technic for making the absorption tests will <ene as for the tests for 
A and B (Lauer It must be remembered that isoagglutuims present in the blood 
slams can interfere with the reactions Tbetefore the test cell suspension M N 
and MV are taken from group O individuals It is al«o important to keep in mind 
that particularly in the case of factor N heteroz>gous bloods have a lesser absorb- 
ing power than homo2>gous bloods (tf page 227) The tests are controlled bv 
performing parallel absorptions with blood slams of knonn t>pes M N and M\ 

For carrjmg out the tests Clausen** has recommended that the absorbed testing 
fluid be miaed with cell suspensions of known t)-pes OM ON and OMN in small 
test lubes The mixtures are centnfuged and the supernatant fluids pipetted off and 
replaced b> equal volumes of noniul saline The tubes are then shaken and the 
reactions read 

In the author s experience it has been possible to differentiate sharply 
blood stains containing M from tho«e lacking this property While it 
was also possible to recognize the presence or absence of \ in dried 
blood stains, the reactions were not as clean cut «o that it would seem 
best at least for the time being in actual medicolegal practice to re 
strict the examination of dried Wood only to ihe property M Therkel 
sen has obtained similar results, but remarks that not al) anti M fluids 
tested by him gave good results for typing blood stains Hence before 
making a test one should ascertain which of the anti M testing fluid? 
available give consistent and reliable findings with stains of known 
types 

With regard to the differentiation of the subgroup? of A, as is shown 
m table 102, blood stains A, and A, are distinguished by a difference in 
their ability to absorb anti A agglutinins This difference is not suffi 
aentl> pronounced however, to permit one to place full reliance on it 
in criminal proceedings 

STAINS OTHER THAN DLOOD 

The observation that group substances are present in practically 
every tissue of the body and also occur in soluble form in various body 
loetri vn tzse?. esf-htt 

than blood were found ” ^^'hen examining such stains one mu^t take 
into account the fact that not all individual? secrete agglutinogens in 
the saliva, urine, etc Eg if saliva containing group specific sub 
stance B is found, this would exclude individuals who do not «ecrete 
group specific substances m their saliva even though they belong to 

’‘Deutsche Ztschr f d ges genchU 3Ied 22 86 (1933) 

'“Zlsck f Rassenphystol 6 49 (1933) 

"Cf Chnstensen Deuiseke Ztschr f d ges genchtl lied 20 89 (1932) 
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group B On the other hand, if no ^oup specific substances are found 
in a stain of saliva there are three possibilities, namely, that the saliva 
was derived from a group O individual, or from a “non secretor*' or else 
that specific substances originally present have deteriorated 

Since the group specific substances, when present occur in rela 
lively high concentration and m soluble form m the saliva or semen 
the group can be determined even on small quantities of such secre 
tions According to Schiff** the sahva present on the gummed edges 
of envelopes may be sufficient for a group determination And Lattes*® 
reports a medicolegal case m which it was possible to determine the 
group from traces of saliva on agarette stubs Other stains, such as 
urine and sweat stains, have a low content of group substances, and on 
the other hand are apt to give non specific reactions because of their 
high salt content For such stains a special technic is required 

The tests on stains of secretions can be carried out either directly on 
the stain itself by the techmc used for blood stains, or on aqueous ex 
tracts of the stains by the inhibition technic (cf page 279) The latter 
method is to be preferred wherever u can be applied since the tests are 
more readily earned out quantitatively (cf page 283), and the results 
are more reliable The method of preparation of extracts of stains of 
secretions is based on the following properties of the group substances 
m secretions (1) relative heat resistance (2) solubility in aqueous 
solutions and (3) non>diaIy 2 abil)ly through cellophane or collodion 
membranes 

For stains containing large amounts of group substances such as 
nasal mucus, semen, etc , the following simple procedure gives satisfac 
tory results The portion of the material that has the stain is cut out or 
where no definite borders can be made out, the entire article e g , a 
handkerchief, may he used for preparing the extract This is placed in 
a beaker and extracted with an excess of boiling distilled water for ten 
minutes The extract is clarified by centrifugation and then evaporated 
to dryness over a steam bath The residue is dissolved in a few drops of 
distilled water, and this final extract, after the insoluble material has 
been removed by centrifugation, is tested by the inhibition technic as 
described on page 284 

Suitable extracts of stains of sweat and urine are prepared as fol 
lows ” The stain is extracted with boiling distilled water, and this 

* Techmk der Bhdgruppenunlersnckmg {193,2} 

’*Allf 71 Congresso Inttmi” dt Mtcrobtol p 138 {1932) AI$o see Cuhani 
BoU 1st Sterol 7 1 (1928) Aaoda BatiMgaku Zasski 3 112 (1930) Busatto 
Arch dt Anlhrop Crm e Med Leg S2 26a (1932), Moharram Jour Egypimn 
Med Assoc 20 No 11 (1937) etc. 

••Cf "^osida, Ztschr } d ges exp Med 63 331 (1928), SchiS Ueber die 
grtippenspe ifiseken Substaff^en des Mensehbeken Korpers G Fischer Jena (1931) 
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extract is concentrated to about l/IO or 1/20 its volume on a steam 
bath. The concentrated extract is clarified by centrifugation and then 
dialyzed against running tap water for several days in a cellophane or 
collodion bag The extract is then evaporated to drj ness on a steam 
bath and the residue redissolved in a few drops of saline solution, 
insoluble material being removed by centrifugation This method can 
also be applied to urine samples directly, e g , when it is desired to 
determine the group of a suspect in a homicide case and when it is not 
possible to obtain a blood sample 

hen stains of feces are encountered in medicolegal cases, grouping of such 
slams ina> sometimes prove of value Hodyo*‘ and Mobarram** have described 
technics for grouping feces by tests on aqueous and alcoholic extracts These 
methods may prove applicable to stains of feces Readers interested in this question 
should consult the original articles 

POSTIIORTEM BLOOD CROUPIWO 

As has already been mentioned, it is of value to group routinely the 
blood of corpses in cases of violent death for comparison with the group 
of blood stains, should any be found For periods up to 24 hours after 
death, there is usually no sptcial diHicuIty, the grouping tests are 
carried out as on fresh blood "When decomposition has set in, however, 
the problem Is more difficult, and when putrefaction is advanced it may 
be impossible to determine the blood group any longer The time of 
onset of putrefaction is influenced markedly by the temperature, so 
that in tropical climates, blood grouping may no longer be possible after 
8 to 12 hours, while, on the other hand, if the body is stored in the re- 
frigerator simple grouping tests may still be feasible after a week Since 
postmortem bacterial invasion takes place last in the extremities, if 
blood taken from the heart or large vessels appears to be hemolyzed, 
belter results may be obtained by examining samples from the periph- 
eral vessels. 

In table 104 are summarized the results of routine postmortem grouping tests 
earned out dunng the years 1939-1941 in the Office of the Chief Medical E.vaminer 
of New York City Most of the grouping tests were made wilhin 48 hours of death 
and It will be seen that onij in a small percentage of cases were the tests unsuc 
cessful 

In the prcjent scries, the frequency of group O is slightly h’ghcr and the fre 
quency of group A sbghllj lower than jn New York whites but this is esplaineii 
by the fact that many of the bloods examined were from negroes The distribution 
of the M-N t>-pes closely corresponds with that expected Tests for the subgroups 
of A and AB were also earned out on 203 bloods and 46 (or 22 6 per cent) were 
found to belong to subgroup A, 

It will be noticed that more AB groups arc reported than M N types There 

"Deutsche Zlschr. j d ges gmchtl Med 22; 9S (1933) 

"Jour Immunol 32: 229 (1937) 
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were two reasons for this (f) Some badly heaioI>zed bloods could nevertheless be 
classified as group 0 because the «eium was shown to contain both isoagglutimns 
a and ^ (2) The M N tests sometimes showed the pre«ence of more than one 
type of blood because the victim bad received blood transfusions before death 

When grouping postmortem blood false reactions are not infre 
quently obtained, due to bacteriogemc agglutination Such blood may 
still be grouped by testing the capacity of erythrocytes to absorb i«o 
agglutinins (cf page 46) In some cases, as vvith burned bodies, pen 
cardial fluid may be the material most easily obtainable for examination 
for isoagglutimns Where suitable blood samples cannot be obtained 
the group may be determined from inhibition tests on aqueous extracts 

Table 104 



of organs, provided that the individual is a secretor As SchifT’ points 
out, large samples of tissues like skm and muscle or even an en 
tire organ like the kidney or heart can be extracted with boiling water 
and this extract can be concentrated by evaporating it to dryness and 
redissolving the residue in a small volume of saline solution (cf page 
321) Embalmed bodies can also be blood grouped by this technic 
at times especially where the preserving fluid is volatile like formalin 
so that It is driven off when the extracts are prepared 

Since the M N factors are restricted to the cells ihev usually are not 
determinable after hemolysis occurs 

REMARKS ON THE BLOOD GROUPING OF STAINS 
Although in a certain percentage of cases individuality tests on 
blood stains and other stains yield positive results of obvious value 
these tests have been used only to a limited extent m this country 
mainly on account of legal difficulties 
While experienced workers will be able to distinguish between those 
cases which do or do not permit a diagnosis the novice may be tempted 
to give a definite opinion in every instance The resulting erroneous 
diagnoses have led some writers** to the conclusion that the determina 

" Ueber die gruppenspe ifischen Subslatt en its Menschhchen harpers Jena 
(1931) 

*‘Gettler and Kramer Jour Itnmunoi 31 321 (1936) 




420 


BLOOD GROUPS A\D TRANSFUSION 


tjon of the group of dried stains is entirely unreliable However, that 
accurate results can be obtained has been proved bj the investigations 
of Lattes,” Schiff,** Therkelsen,* Holzer,** Bo>d and Boyd,^* Rat 
cliffe,*® Lande,” the present writer and many other inve<5tigators 

An example of an actual case, recently tried m this country in which 
a gross and easily avoidable error was committed is the following 

A woman had been murdered by stabbing and suspicion centered on her step- 
son The accused man was 1 morphine and c^eine addict having acquired the habit 
when trying to relieve the pain in the stump of a Jeg lost in a railroad accident 
The prosecutors theory was that the defendimt had killed his stepmother while in 
a fury when she withheld his supply of drugs A few spots of dried blood were 
found on the sleese of the defendants pajamas and these were said to ba\c come 
from the deceased However no blood grouping tests were done until some time 
after the crime had been committed The defendant was found to belong to group 
A The deceased had already been buned and to determine her group the dned 
blood stains on her nightgown and pillow were tested The expert called by the 
prosecution could not demonslnite smy agglutinins m these slain> and without per 
forming anv lesls for agglutinogens (cf page 409) he made the unwarranted diag 
nosis group AG Moreover as he could not demonstrate any agglutinins in the 
small spots on the pnsoners pajamas he concluded with the same fallacious 
reasoning that this blood also belonged to group AG and therefore must have come 
from the murdered woman 

At the Inal the present WTiter explained the errors in this testimony to the jury 
On inspecting the <tains on the defendant $ pajamas d or 7 small pale brown <pots 
each about 2 nun in diameter were found on the inside of his sleeve and onlv a 
few of these spots showed through on the outride Therefore it was clear that the 
stains had resulted from the «eU admiiustntton of narcotics an 1 other shirts be 
longing to the defendant were found to have similar stains The siains were not 
large enough to pemvit a grouping test 

That results can be obtained in only a certain percentage of cases is 
demonstrated by Lewinski s** experience with 122 examinations In 17 
cases the stains were found to be of other than human origin by means 
of the preapitin test Of the remaining 105 cases the results could be 
used in only 12 cases because in the others (1) the defendant and 
murdered man belonged to the same group or (2) the unstained portions 

Indtudualily of the Blood London (1932) 


‘DeuUe/te ZUckr f d gcr %encltl Med 16 443 (1931) Ergcb d ges Ved 
20 367 (1935) 

"Loc Cl/ 

"Joar Lab and Clin Med 22 191 (1936) 

''Arch Path 25 463 (1938) 

Deutsche Zlschr j d ges genchll Ifed 27 104 (1936) aho see Moureau 
Ann de Med Ug 16 344 (1936) The prc'enl author has had similar experiences 
[Statistical Report of the Chief Medical Examm r of the City of I^cwlork p 33 
(1939), p 33 (1940)] 
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of the clothing gave the same specific reactions as the stam itself or 
(3 ) the stam gave no specific reactions at all on account of deterioration 
With regard to the legal aspect of the tests, there is nothing to pre 
vent their prompt performance in violent death, so that the group of 
the murdered individual is readily determined Nor is there any legal 
obstacle to the examination of the blood stains The tests have greater 
value, however, when some of the defendant’s blood can be obtained for 
the purpose of comparison In most jurisdictions in this country, the 
courts do not have the power to compel defendants in criminal cases 
to submit to blood tests This obstacle can only be overcome by appro 
priate legislation The suggestion has been made that when a blood 
sample cannot be obtained from the prisoner, a urine specimen be ex 
amined for its content of group specific substances 
There is also need in this country for special medicolegal institutes 
such as exist in many countries abroad By making such institutions 
centers for the training of experts, the utility of forensic serologic tests 
will be materially increased 
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APPENDIX 


As was shon-n on page 186 the frequencies of the genes A, B and 0 can be 
calculated if the distribution of the blood groups is know n b) using the follow ing 
formulae 


’-'/o' (1) 

J-l-Vo+B (2) 

(3) 

To facilitate the calculation of the frecjuencics of the genes t B and 0 from those 
of the blood groups, nomograms have been constructed b> Konorski* and bj Boj d ’ 
Bernstein* has prepared a table from which the values of ^ g and r can readily 
be obtained and Bernstein’s tabic is reproduced here (cf tabic I) 

Bernstein has shown that it is also possible to calculate the frequencies of the 
genes from the distribution of the blood groups widi the aid of rational formulae 
that IS without the use of the square root Bernstein s formulae are given here 
merely as an interesting mathematical problem rather than on account of anv prac- 
tical value that they may have 

Tatmg and (4) 

Then we have p q r-A* B* jc*- ^ | (5) 

The values obtained with the aid of these formulae arc less accurate lhantho c 
given by equations (1) (2) and (3) since the formula for C* involies the fre 
quency of group AB, and since the frequency of group AB is small m most popula 
tions a small chance variation in this value wtU cause a rela lively large variation 
in C* 


From equation (s) we have — f** populations where the frequency of 
group AB IS low this would be almost identical with Ilirsafeld s biochemical index given 
by the formula rp- 


As was pointed out on page 187, Bernstein’s theory can be tested by calculating 
the values p, q and r with the aid of formulae (1) (2) and (3) and determining 
how closely the relation p+q+r = l holds The difference D =*1 -f^+g+r) 
should not be greater than would be expected as a result of chance alone The 
equation can be tested if the standard error of D is known and ibis is given by the 
formula,* 

where N represents the number of individuals m the sample of population ev. 
ammed The value of ag VN is readily obtained with the aid of a table con 
tructed by Bernstein (cf table II) To convert vo into the probable error of D 
It IS only necessary to multiply by the factor 0 6745 

* Cited after Hirszfeld, L KPitiMuttonsstrofoiit etc p 73 (1928) 

* Human Biology 6 558 (1934), /Inn Evg 8 337 (1938) 

* Ztschr ( tttdukl Abstam u Irrerbungs S4 400(1930) 

* Nomograms for calculating the standard error of tbc expressions l-iP+q+r) 
and l—(m f«), have been constructed by Boyd I/ln« Eug 8 337 (1938)1 
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Table I 

Calculation op the Values q and t p rou the Distribution 
o? THE Blood Groups 


X 

s/x 

A 


A , 

X 

\/x 

A 

1-Vl-s 

A 

01 

100 


005 


26 

510 

10 

140 


02 

141 

« 

010 


27 

520 

146 


03 

173 

u 

015 


28 

529 

M 

151 


04 

200 

2 

020 


29 

539 


157 


OS 

224 


025 


30 

548 

f 

163 


06 

245 

111 

030 


31 

557 


169 


07 

265 , 

« 

036 , 


32 

S66 


175 


08 

283 

17 ' 

041 1 


33 

574 


181 


09 

300 1 

1 

046 

* 

34 

583 ^ 


188 


10 

316 ' 


051 


35 ' 

592 1 


194 ! 


11 

332 ! 

IJ 

057 

* 

36 

600 

. ! 

200 


12 

346 ' 

u 

062 


37 

608 


206 


13 

361 

M 

1 067 


38 

616 

8 

1 213 

1 

14 

374 


1 073 


39 

624 

1 

219 


15 , 

387 

1 13 

078 

' . 

40 

632 


225 


16 1 

400 

' n 

083 

' A 

41 

640 


232 


17 

412 

' In 

089 


42 

' 648 


238 


18 

424 

II 

094 


43 

656 


245 


19 

436 

[j 

100 


44 

663 


252 


20 

447 


106 


45 

671 


258 


21 

458 

** 

111 


46 

678 

' 

265 

' 

22 

469 


117 


47 

686 


272 


23 

480 


123 


48 

693 


279 


24 

490 


128 


49 

700 


286 


25 

500 

1 

to 

10 

134 

6 

SO 

707 

7 

293 

7 


Illuslratum Suppose that the frequencies of the blood groups are given as follows 
■5^=38% X-=4l% T=15% AB-6% 

Then m the second column ( yx) the value corresponding to O = 0 38 is looked for 
namelj, r=0 616 In the first column the Value A+AB =0 47 is located and the 
number corrc'sponding to it in the fourth column (1 — y"! —a) gives the value of 
^ =0 2 72 In the same way one find* that 9^0 IH by looking for B+AB=0 2J in 
the first column The table can also be used when testing the relation, l»»i+n 
= VM + yN (cf page 239) 

If the frequencies ol the blood groups are given m decimals, an interpolation is 
earned out (Linear interpolation » suffiaently accurate) For example, if one is 
given the values 

©■“SS 1% X-40 8%, 2% and AB=5 9% 

starting with the values 0=0 38 and r »»061d, and calculating the interpolation 
from the relation l/10 = k/OOS, one obtains a correction 001, so that r=*0617 
For A+AB =x=0 467, the corresponding value of ^=0 26S+7(007)/10=*0 270 
andforB+AB =x = 0 211, 9 -0 111+1(00^/10 = 0 112 
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A 

A and B agglutinogens, 8, also see Agglu 
Imogens A and B, Blood groups 
Ai and At, see Agglutinogens At and Ai, 
Subgroups oi groups A and AB 
A,B blood, enors in grouping, 3S, 115, 414 
Abortion, Rh factor and, 368 
Absorbed B serum, preparation ot, 199 
Absorption method, standarduation of sm 
for, 280 

Absorption of immune sera, 262 
of isoagglutinins, 26, 199, 280 
of anti M and anti N “era, 222 
tests on blood stains, 410 
Acholunc jaundice, blood transfusion for, 
86 

Affiliation cases, application of blood tests 
m, 380 et seq 

Agglutination, aI<o see Autoagglutination, 
Bactenogenic agglutination. Cold ag 
glutination, Isoagglulinauon, and Pseu 
doagglutination 
factors affecting, 13 
photograph of, 7 
reaction, stages of, 19 

Agglutinins a and p, see Isoagglutinins a 
and P 

Agglutinins, anti Iil and anti>K, 222 et 
seq 

anti-b <or ag^utuiin a,}, 45, 201, 264, 
276, 415 
anti P, 45, 2S6 
anti-Rh, 65, 245, 371 
definition of, 1 

gtoup-speciBc, in animal >era, 30 
heredity of, 270 
speaes specific, 3 

Agglutinin solutions, preparation of, 27 
Agglutmogens A and B, 8, also see Group- 
specific substances A and B, Blood 
groups 

antigenic pov,er of, 64, 287 
in dried blood stains, 409 
m the newborn, 21 
‘ mosaic” structure of, 292 
Agglutinogens A, and A,, 198, also see Sub- 
groups of groups A and AB 
differentiation of, 199 
nature of the difference between, 202 
Agglutinogen A,, 216 

Agglutinogen A, relationship of, to Forss- 
man antigen, 31 
Agglutinogen C, 29J 


Agglutinogen, definition of, 7 
Agglutinogen E, 264 
Aggfutinogen If, 264 

Agglutinogens M and N of Landsteiner and 
Levine, 219 et seq , also see M-\ types 
in apes and monkeys, 342 
IB blood stains, 415 
Agglutinogen Nt, 227 
heredity of, 244 

Agglutinogens of human blood, unclassified 
262 

Agglutinogen O, 193 
in Mood stains, 4i5 

Agglutinogen P of I^dsfciner and Levine, 
2S5 et seq , also see P agglutinogen 
Agglutinogen present mainly m negro blood, 
264 

Agglutinogen Q, 260 

Agglutinogen Rh of Z-andsteiner and Itie- 
oer, 245 rt seq, also see Rh /actor 
Agglutinogen X, 264 

Agranulocytosis, blood transfusion for, 86 
Albumin, purified human, 159 
Alcoholic extracts, group-sul«tancas m, 272, 
287 

Aleutians, blood groups of, 320 
Alkalinization of unne, 149 
Allelic gena, 161 
muluple, ISO, 354, 357 
ADergic disease, blood groups and, 374 
Allergic reactions to transfusions, 132 
Amencan Indians, blood groups m, 297, 
310, 311, 316 
Jf-N types la, 325 
Rh factor in, 329 
subgroups m, 322 

Amencan mummies, blood grouping of, 321 
Anemia, blood transfusion for, 79 et seq 
Aoersia fcemolytica neonatorum, see Eryth- 
roblastosis fetalis 

Anesthesia, transfusions to patients under, 
134 

Animal blood, B like antigens in, 292, 342 
individual differences in, 4, 345 et seq 
transfusions of, So 

Animal secretions, group-specific substances 
in, 342, 415 

Animal sera, anti-A and anti-B agslutinias 
in, 30 

for demonstrating individual differences 
in human blood, 262 
for detecting P agglutinogen, 257 
Animal serum as a blood substitute, 143 
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Animals, indi\i(lu3l diffcrencw la the blood 
of, 345 et 
isoagglutuiaUon in, 

Anomalous isoaggluUnins, see Irregnbr i«o- 
agglutinms 

Anthropoid apes, blood group facton in, 

332 

indmdual differences m the blood of, 34d 
M and N agglutinogens in, 343 
Anthropological charaetenstics, blood groups 
and, 322 

Anthropological investigations, 295 et seq 
Anti-A ags^utinins, in inJectious Btononu* 
deosis, 205 

Anil A immune rabbit sera, dicep tttt ly- 
stns in, 205 

Antibody, definition of, 31 
normal, 270 

Anticoagulants in blood transfusion. 58 
Anticoagulant, sodium atrate as, 94 
htpann as, 102 
Antigen, definition of, 31 
Anti'fil isoagglulmms and transfusion, 65, 

ns 

Anti 0 sgglutimns, 45, 201, 254 
and blood transfusion, 118 
in goat anti Shiga di'sentery immune sera, 

333 

nature of reaction of, 204 
rnuUing from isotmmuniaation, 6$ 

Anti 0 sera, for diagnosing S and a types, 
2T6, 179 

Anil F agglutinins, 45, 255 
Anuquity of ibe Wood groups, 319 
Anti-Rh agglutinins, 65, 245, 371, also see 
Rh factor 

Anti T agglutinins, 47 
Anuna due to blood transfusion, 120 
Apes, see Anthropoid apes 
Aplastic aneinia, blood transfusions lor, 35 
Artificial antigens with group specific ac> 
UoD, 291 

Ascitic fluid as a blood substitute, 14S 
Atypical isoagglutinuis, see Irregular iso 
agglulmua 

AotoaggJulination, 39 et seq 
TclaliORship of, to post transfusion ic 
actions, 119 

Autoagslutmios, punfication of, 41 
AutoanUbody production, cause of, 42 
Australian abonpnes, blood groups in, 297, 
327 

Autohemolysis, see Donath-Landsleuier re 
action 

Autotransfusion, 78 
Autotransplantation, 361 
B 


B agglutinogens, in animal blood, 340 
"mosaic'’ «.euctuec of, 291 
Bacteria, relationship betueen antigens ui, 
and agglutinogens A and B, 33S 
Bactenogenic agglutination. 46 et seq 
Bank blood, see Stored blood 
Bernstein's method of weasunns linkage 
242 

Bernstein's theory of the heredity of the 
blood groups, 180 et seq , 380 
apparent exceptions to, 182 
laws of heredity in, 181, 184 
serological conaderalions in 193 
Statistical consideration of 185 
Bfiirubmemia, from transfusions of 'tored 
blood, 122, J37 

followiDg transfusions of incompatible 
blood, 121 

“Biochemical index,' 29t 
Biological test, 71 

Bionittiics. some principles of 167 el seq 
Blood bank, 58, 135, also see Stored blood 
Blood cells, duration of bfe of transfused, 
73 

preparation of suspensions of, 12 
preservation of, 12, 135 
Blood donors, see Donors 
Blood group enzymes 2S6 
Blood group genes. 180 
frequencies of 786, 297 
Blood groups, and agglutinogen F 251 
and disease, 363 et ‘eq 
and grafts, 361 
and inoculation malana 377 
and 31 N types, relationship between 242 
and racial origins, 320 
and Rh factor, 252 
and sex, 197 

and superfecundation, 197 
and twin studies, 376 
application of, in cases of disputed par 
entage, 380 et ^cq 
cia^ificalion of the, & 
composition of the. 8 
consUncy of the, 19S 
defective, 25 
development of the, 21 
diKovery of the, by Landsteiner 4 ?3 
evolution of the, 332 et seq 
family studies on the, 177 
heredity of the, 173 et seq 
in anthropoid apes, 332 
in infancy, 69 

In relation to blood transfusion, S3 
in twins, 196 

LandsleiOri rule of the 9. 335 
of dried blood stams, 399 et seq 
of po'troortetn blood, 4l3 
origin of the, 316 


B., B„,Bim, etc, 292 
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nmal distribution of the, 295 et «eq 
Blood grouping, applications of, 6 
before transfusion, 61 
of blood stains, 399 et seq 
of menstrual blood, 47 
of postmortem blood, 47 
sources of error in, 35 et 'eq 
technic of, 7 et seq 
without staridard sera, 33 
Blood, species speaficity of, 4 
Blood serum, see Serum 
Blood Stains, 399 et seq 
agglutinogens A and B in 409 
agglutinogens II and N m, 415 
errors in grouping, 420 
interpretation of tests on, 409, 414, 420 
isoagglutinuis in, 406 
on clothing, 412 
on hard surfaces, 412 
0 property in, 4lS 
preservation of, 40S 
technic of examination, 401 et seq 
Blood, stored, see Stored blood 
Blood substitutes, 145 et «<q 
Blood suspensions, age of, 20, 227 
concentration of, 20, 226 
preparation of, 12 
Blood transfusion, SO et seq 
abuse of, 01 

apparatus, method o! cleansing, 131 
blood grouping tests before, 61 
atrate method of, 58, 94 et seq 
complications of, 133 
continuous dnp, 100 
cootramdications to, 113, 133 
cro^ matching of bloods before, 61 
direct, 55 
dosage in, 112 
fatalities following, 113 
hemolytic reactions to, 114 et seq 
history of, 50 et seq 
m acute poisoning, 88 
in cats and dogs, 50, 359 
indications for, 77 et seq 
in infants, 69, 86, 99 
in patients under anesthesia, 134 
in pregnancy, 66 
intramedullary, 93 
mtrapentoneal, 70, 75 
in traumatic shock, 81 
in vanous blood diseases, 84 
massive, 58 
of cadaver blood, 69 

of incompatible blood, 64, 70, 114 et seq 
of unmodified blood, 101 
of stored blood, 135 et seq 
parafiin tube method of, 57, 102 
preparatory to operation, 82 


rate of, 112 
route of, 92 

sjringe valve method of, 105 
technic of, 55, 92 et seq 
temperature of blood m, 144 
tnuismisuon of disease by, 67 
tube method of, 110 

with apparatus made of athrombit, 105 
Body cells, group-specific substances m, 272 
Body fluids, group specific substances in, 
274 

Boerner shaking machine, 16 
Boemer wed slide, 16 
for 'tmultaneous grouping and M-N tests, 
226 

Bones, blood grouping of, 320 
Bovine saliva, group-speafic substances m, 
342 

Bovine serum, anti Oagglulmins us, 201 
as a blood substitute, 14S 
Bunt shock, imisSusutn for, S3 

C 

C agglulmogen, 263 
Cadaver blood, grouping of, 41S 
transfusion of. 69 
Carbohydrates, sre Polysarchandes 
Carbon monoxide poisoning, blood transfu- 
sion for, 88 

Cats, isoantibodies in, 359 
transfusion expenmrnts in, 359 
Cat sera, group specific agglutmins m, for 
human blood, 263 

Cattle, individual differences m the blood 
of. 347 

Cellophane tubing, desiccation of plasma in, 
157 

Centrifuge method of grouping, 14 
Chances of excluding paternity by blood 
tests, 383, 387 

Change in blood group, apparent, 196 
Chemical studies, on the blood group sub- 
stances, 286 el seq 
OR the Forssman hapten, 287 
Chicken blood, individual differences in, 352 
Children, transfusions on, 69, 86 99 
Chimpanzees, blood groupe in, 333 
mdiwdual blood differences in, 346 
M and N agglutinogens m, 343 
Chi-square test, of Bernstein's theory, 187 
of the four gene theory, 216 
of the theory of Landsteiner and Levine, 
239 

Chromosome map, 166 
Chromosomes of man, 174, 242, 373 
Citiated blood, storage of, 99, 113, 135 
et seq 

Qtrate method of transfusion, SS, 94 et 
seq 
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Classification of tlie blood ^oups, 9 
Coagulability of the blood, effect of trans- 
fusion on, 77, 83 

in rebtion to the technic of transfudon, 
55 

Coagulation, simulating agglutination, 49 
Cold agglutination, 44, also see Autoa^lis- 
tmation 

Cold agglutinins, differentiation of A> and 
Aj wth, 45, 200 

reblJODShip betueen, and the common 
isoagglutmins, 46 
tbennal amplitude of, 45 
Cold blood, transfusion of, 144 
Complement, inactualion of, 28 
role played by, in isohemolysis, 23 
Complement fixation, group-specific, 3J 
Comr^icaUons of blood transfusion, 133 
Composition of the blood groups, 8 
Constancy of the blood gTou]s, t9S 
Continuous dnp transfusion, 100 
Cord blood, determination of blood group 
of, 24 

false agglutioatioQ with sera obtained 
from, 49 

Corpse blood, grouping of, 418 
transfusion of, 69 

Court deasions concerning blood tels, 332, 
393, 396-393 

Cnie's method of blood transfusion, 55 
Crosung-cser, 166 
Cross matcbing tests, 61 

D 

“Dangerous” universal donors, 60 
Deaths following transfusions, II3 
Defectiie blood groups, 26 
Defibnnated blood, use of, foe transfusions. 
58 

Desiccation of plasma and serum, 155 
Development of the blood groups, 21 
Diagnosis of faemobtic transfusion reactions, 
121 

Differential agglutination method for diag- 
nosijsg hemolytic reactions, X24 
for Iraang life of transfused erythrocytes, 
73 

Direct matching of bloods, 61 
Direct method of transfusion, 55 
Disease, blood groups and, 363 et seq 
isoagglutmin titer in, 37S 
Distilled water, pyrogen free, 131 
Dog blood, individual differences in, 3S9 
Dominance, definition of, 161 
Donath Latidstemet reaction, 41 
Donors, drawing blood from, 95, 141 
effect of donation of blood on, 60 
fasting, u«e of. to prevent allerpc reac- 
tions, 132 


hepanmred, 102 
immunired, 89 
physical eiamination of. 67 
Rb negative, 66 
selection of, 60 et seq 
universal, 60, 116 

Dosage of blood for transfusion, 112 

Dove blood, 356 

Dned plasma and serum for transfusion, 
155 et seq 

Dned sera for grouping tests. 11 

Dnp method of transfusion 78, 98, 100 

Ducks, individual differences m the blood 
of, 352 

V Dungem and Hirszfelds theory of the 
heredity of the blood groups 174 
statistical test of, IBS 

Duration of hfe of the transfused blood 
corpuscle, 73 

Dysentery baalh, immune goat sera for 
antibodies for human blood in 338 


E and e types, 264 
Eclampsia, blood groups and. 367 
Egyptun mummies, blood grouping of 321 
CfuysB, see Blood group enzymes 
Eqtuhbnum in populations 179 
Error, probable, definition of 169 
probable, of a differeoee, 305 
probable, table of, 305 
standard, 170 

Errors in blood grouping, A>B diagnosed as 
group B, IW 

autoagglutination as cause of, 39 
bactenognuc agglutination, as cause of 

46 

coagulation, as cause of, 49 
in heredity studies. 184, 192 
irregular isoagglutmins as cause of, 43 
of blood stains, 420 
of umbilical cord blood 49 
pseudoagglulmation as cause of 36 
sources of. 114 et seq, IS4, 196 
Errots in M K tests, sources of, 229, 236 
Erythroblastosis fetalis, blood transfusion 
for. 87 

hemolytic transluvicpn reaclioia in 66 
Rh factor and, 369 et seq 
«era from cases of, 260, 37J 
ErythroOlcs. ree Blood cells 
Erytfarophogoe>'tosis after transfusion, 122 
Eskimos, blood groups m 299, 319 
M-N t}p« in 325 
Subgroui» m 324 

Evolution of the blood groups, 332 et seq 
Evolution of the If N types 342 
•Eaceptions" to the Bcmslcjn theory, 182 
lo the four gene theory, 211 
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to the theory of Landsteiner and Levine 

Easansuination transfusion, in bum shodk, 
82 

technic of, 101 

F 

F* antigen, 206, 292, 337 
Family studies, formulae for group fre- 
quencies among children m, l>,9 
mating A X B in, 190 
mating MN X MN in, 236 
on the blood groups, 177 
on the M N types, 232, 234 
on the F agglutinogen, 258 
on the Rh factor, 250 
on the subgroups of groups A and AB 
210 

Fatal reactions to blood transfusion 113 
Feces, blood ^up enrymes in, 266 
grouptog of, 416 

Femblatts method of transfusion. lOS 
Fetal hydrops, see Erythroblastosis fetalis 
Fetus, htood grouping of 21 
group'Speohc substances in organs of, 21f 
M K types in, 230 
Flocculation, group'Specidc, 3t 
Forensic me^cine, application of blood 
tests in, 380 et seq , 399 ec seq 
Forssmao antigen, alcoholic extracts of, 287 
and agglutinogen A, 30 
chemical studies on 2S7 
m bacteria i3$ 

Forjsman antisera, reactions of, uilb fowl 
blood, 352 

reactions of, n-ith human A blood, 3S8 
Four gene theory, 207 et seq 
Fowl blood, individual differences in, 352 
Fraternal twins, 196 377 
Furuhata’s theory of heredity of the blood 
groups, 194 

G 

Gastnc juice, gioup-specihc substances in, 
234, 290 

Gelatin as a blood substitute, 147 
Gene frequencies, computation of, 424 
formulae for A, B, and O, 176 297, 312 
formulae for Ai, A,, B, and O, 214 
formulae for 3/ and iV, 237 
formulae for P and P, 25o 
formulae for Rh and rJi, 250 
Gene O, ongin of, 337 
Genes alJehc, 161 
blood group 180, 186 et seq 
dominant and recessive, 161 
Genetics, fundamental pnnaples of 161 et 
seq , also see Heredity 
Genotype, definition of, 3 
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Geographical distribution of the blood 
group genes, 297, 312 
Germans and Hungarians, blood groups in 
309 

Gibbons, blood groups in, 334 
M agglutinogens in, 343 
Gluco«e as a preservative, for blood for 
typing 12 

foe blood for transfuMon, 135, 138, 144 
Goals individual differences m the blood of, 
346 

Gonllas, blood group factors in, 334 
Grafts, blood groups and, 361 
Group determination see Blood grouping 
Grouping sera, see Testing sera 
Ctoup-4»ecific substances A and B, 272 et 
seq 

chemical investigations on, 286 
in horse saliva, 342 
10 commercial pepsin 333 
inhibition test for, 279 
preapiiin test for, 285 
technic of demonstrating, 279 
use of, for universal donor blood, 60 
use of, for human anti*Rh sera, 247 
Guinea pigs, individual blood differences in, 
359 

preparation of and Rh sen in, 245 
Gum acacia, as a blood substitute, 82, 147 
production of p<eudoa^uboaUon vntb, 
39 

H 

H factor, 264 

Hanging drop technic, 17, 414 
Hapten, 287 

Hemagglutination, see Agglutination, Iso- 
a^lutination 

Hemoglobinemia, after transfusion 121, 137 
Hemoglobin, extracorpuscular, fate of, 121 
Hemoglobin, preapitin test for, 403 
Hemoglobin solutions as blood substitutes, 
148 

Hemoglobinuna after transfusion, 121, 123, 
133. 141 

Hemotysis, 2S, also see Isohemoly^is 
Hemolytic anemias, autoa^lutmation in, 42 
blood transfusion for, 86 
Hemolytic transfusion reactions, autoaggla 
tinins and, 119 

dangerous universal donor, as cause of, 

116 

etiology of, 54, 114 

from animal blood, 52 

incompalibiUty of blood as cause, 54, 

114 

m mothers of erythroblastotic babies, 66 
intragroup incompatibility as cau«e, 116 
Boagslulmin titer after, IZ’, 376 
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isounmuniution in pregnancy as cau e, 
55, 65, n? 

fflisUkrs in blood ^oupmg as can«e, 1I5 
pathogenesis of, 124 
pathoIog!>.al anatomy of, 12fi 
post transfusion *<ra from rases of, 26^ 
prognosis of, 127 
Rh factor and, 54, 65, 117 
stored blood and, 119, 140 
s>mptoms of, 119 
treatment of, 127 
Hemophilia, heredity of, 166 
mutation rate in, 319 

Hemorrhage, transfu‘ion in treatment of, 77 
Hemorrhagic diseases, blood transfusions 
for, 83 

Hemorrhagie disease of the newborn, treat- 
ment of, 84 

Ilemotropic action, group-*peofic, 32 
Hepann, use of, in blood transfusion, 102 
Heredity, in man, 173 
Mendel s laws of, 161 et “eq 
of agglutinogen Ai, 216 
of agglutinogen NV 24-4 
of agglutinogens in animal blood, 349 et 

seq 

of hemaphilui, 166 
of the blood group?, 173 et s«q 
of the M-N types, 231 el seq 
of the P agglutinogen, 258 
of the Rh factor, 249 
of the S and s types, 277 
of the subgroups of groups A and AB, 
207 

pnnaples of, 161 et seq 
Heteroagglutination, dehiutiOD of, 4 
Heterogenetic immune vra, 31 
Heletopbile antibodies m human serum, 537 
Heterospecibc pregnancy, 367 
Heterotransplactation, 361 
Heterozygosity, 162 
History of blood grouping, 4, 53 
of blood transfusion, 50 et seq 
Hodgkin’s disease, blood transfosion lo, 61 
Homozygosity, 162 

Homozygosity and heterozygosity, deter 
mination of, 3S4 
effect of, on M-X tests, 227 
Homotransplantation, 361 
Horse blood, individual differences in. 351 
Horse salu'3, group-specific sub'tances in, 
342 

Horse serum disease, isoagglutinin titer in, 
376 

sheep cel! lysins in, 337 
Hubeoer-Thomsen phenomenon. 47 
Human albumin for transfusion, 160 
Human blood, preapitm test for, 401 et 
seq 


H>pcr«ensituencss, transfer of, by blood 
transfusion, 132 

I 

Icterus following blood transfusion, 126 137 
Icltius graNTs neonatorum, see Er^hrobbs- 
tosis fetalis 

Identical twins, 196, 376 
lOegitimacy, as cause of apparent «cep- 
tioos to Bernstein’s theory, 103 
as cause of apparent exceptions to theory 
of Landsteiner and Levine, 233 
demonstration of, by blood tests, 380 et 
seq 

Immune isoagglutmins, SS, 64 65. 123, 267, 
360, also see Isoimmunization 
and individual differences in human blood 
267 

Immune sera, acting on O blood, 202, 338 
for A and B, 31 

use of, for examining blood stains 414 
for M and N, 219 
production of, in rabbits, 219 401 
IramunotransfusioR, 89 
Inactivation of serum, 26 
locoopauble blood, transfusion of 53 et 
seq . 60, 114 el seq 

effect of, on isoagglutinin titer, 122, 376 
in inlanta, 74 

IncompatibiJitv, mtergroup, S3, 61, 115 
intragroup 54, 63, U6 
Incompatibility of blood, and inoculation 
malaria, 377 

of mother and fetus 367 
Independent assortment, law of, 162 
of genes A-B 0 and genes 31 V, 242 
theory of, for heredity of the blood 
groupo, 174 

India, blood groups in, 301 309, 325 
Indians, American, see Amencan Indians 
Indications for blood transfusion 77 
Individual blood differences, origin of, 316, 
336 360 

Individual and spenes properties of the 
blood, telationsbip between 360 
Individual identification of human blood 
stains, 399 et seq 
chances of, 400 
Inihviduality, 3 
of animal blood 5 345 et seq 
of human blood, 4, 7, 198, 219, 245, 
2S5 

of the serum, 270 
Iidants, blood groups in 20 
blood transfusions on 69, S6 99 
collection of saliva from 278 
detection of interchange of by blood 
(eis, 385, 3SS 
M-N types In 230 
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Infectious diseases, blood transfusions for, 
88 

Infectious mononucleosis, anti A agglotimns 
in, 206 

sheep cell lysins m, 337 
Infusion of blood, technic of, 97, 1-40 
Infusion of plasma, technic of, 389 
Inbentancf, see Heredity 
Inhibition tests technic of, 279 et ««| 
on apes and monkeys, 334 
on stains, 416 

Interchange of infants detection of, by 
blood tests, 3SS, 388 
Ifitergfoup incompatibility, S3, 61, J15 
Intragroup mcompatibility, 54, 63, 116 
biological test for, 72 
Rh factor and, 116 
Intramedullary transfusion, 83 
Intramuscular mjections of blood, 127 
Intrapentoneal blood transfusion, 70, 75, 93 
Irradiated bfood, transfusion of, 90 
Irregular isoagglutinms, 43 et ‘eq , 255 
a, and o., 200, 20{ 

and individual differences in buman blood, 
295, 265 

anti Ai, 45, 65, 201, 268 
anti M, 65, 219, 268 
anti 0(A,), 45, 65, 201, 268 
anti P, 256 
UU Rb, 65, 246, 268 
cUssi&cation of, 45 
la relation to transfusion, 63 
thermal an);^jtude of, 45 
Isinglass as a blood substitute, 148 
IsoaggluUnation, definition of, 4 
descnption of, 7 

differentiation of, from pseudoag^ulina- 
tion and autoagglutination, 44 
discovery of, by Landsteuier, 4, 53 
exothermic nature of, 19 
factors affecting 18 et seq 
ID anthropoid apes, 332 
inhibition of, group speafie, 279 
in lower animals 346 
irreyular, see Irngular isoag^uUnms 
Isoagglutinins a and p, 8, also see anti A 
agglutinins 
absorption of, 26 

detection of, m dried blood 406 et seq 
development of, 22 

eustence of, outside of the blood senio), 
293 

heredity of, 194 
in health and disease, 375 
m infants, 22, 69 
neutralization of, 60 150 
purified solutions of 27, 332 
relationship between, m group 0 senna, 
26 


technic of testing for, 63 
theories concenung the origin of, 194 
Ihennal amplitude of, 19 
titration of, 17 

vanations m filer of, among Boroia) 
adults 23 
at different ages, 22 
in disease, 375 
vanoiis fractions of, 46 
Isoagglutmins, immune, SS, 64, 123, 267, 
369 

irregular, see Irregular isoagglutmms 
Isoagglutinogens A and B, see Agglutmo 
geos A and B, Blood groups 
Isoantibodies, umtanan hypothesis applied 
to, 33 

Isogenes 312 
Isoheniolysis, 27 et seq 
Isobemotropins, 33 

Isoimmunization, for deraonstratmg indi 
vidual differences m animal blood, 346 
et seq 

in man 267 et seq 
m pregtiancy, 55, 65, 117, 269 
and erythroblastosis fetalis, 369 
effect of. on distribution of the Rh fac- 
tor, 373 

intragroup incompatibility resulting from, 
65. 117 

to agglutinogens A and B, 64 123, 376 

J 

Jaundice, following blood transfusion, 120 
137 

Jaundice, blood transfusions in 83 
K 

Kimpton Brown method of blood trans 
fusion, 103 

L 

Lamb blood, transfusion of, 51 
Landstemer blood groups, see Blood groups 
Landstemer and Lesine s theory of heredity 
of the M N tijws. 231 et seg , 387 
laws of heredity under, 231 
statistical considerations m, 237 
Landstemer, medal with picture of 65 
Landstemer and W’iener’s theory of heredi 
ty of the Rh factor, 249 
Land^einers rule of the blood groups, 9 
theones concernmg, 194 
Law, model, for the u«e of blood tests in 
court cases, 394 
Laws of heredity, Mendel s 161 
of the blood groups, 176, 181, 1S4, 3SO 
of the MN types, 231,388 
of the subgroups of groups A and AB 208 
Lcderers anemia, blood transfusion for, 85 
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Lcucoejtw. group-'penfic substances m, 273 
life of transfused, 76 
Iraiafusion of, m agtanuloc) losjs, S6 
Leuleima, blood transfusion in, 85 
isoapglutinin liter in, 376 
Lenisohn s method of blood Iransfteion, 
94 

Life of the transfused blood cells, 73 ct 'cq 
Lindemann’s method of blood transfusion, 
101 

Linkage, blood groups and, 242, 2SZ, 261, 
277, 375 

definition of, 163 

methods of detecting, in man, 242, 375 
sex, 166 

Lipids, role plajed bj', in ^lecifie reactions 
of A and B, 287, 291 

Liquid plasma and *eruni, preparation of, 
for transfusion, 153 
Longitudinal sinus, transfusion into, 93 
Lyophilired plasma for transfusion. 156 
M 

blaeaques, blood group factors in, 335 
31 ai^futmogen itt, 344 
Malana, therapeutic, and blood groups, 377 
transmission of, by transfusion, 145 
Massise blood transfusion, 53, 100 
Matching of bloods, 61 
Maternity, exclusion of, by blood tests, 389 
Maximum likelihood method, 21$ 
frequencies of genes if and A computed 
by, 239 

bfedicolegal applications of blood grouping, 
3S0 et <eq , 399 et seq 
errors In, 35, 393, 420 
Mendel s laws of heredit>, 161 
hlenstrual blood, 47 

Mental diseases, blood groups and, 365 
Merthiolate, as preservative for anti M and 
anti A fluids, 224 
as a preservative (or plasma, 154 
5Lce, individual differences in the blood of, 
358 

transpfantatvon of tumors in, 565 
Mihiary medicine, <tored blood in, 145 
Milk as a blood substitute, 146 
Milk, isoagglutimns in, 294 
hliller's transfusion apparatus, 103 
M N types, 219 et seq 
agglutinogen N'j and the, 223, 244 
and agglutinogen P, 261 
and blood groups, 242 
and disease, 365 
and Rh factor, 252 
and sex, 242 

application of, for diagnosing hemolytic 
transfusion reactions, 124 


application of, for tracing transfused 
blood cells, 73 
blood suspensions for, 226 
CMislancy of, 242 
development of, 230 
discovery of, 5, 219 
crron in diagnosis of, 229 
evolution of, 342 
heredity of 231 et seq 
homozygosity and heterozygosity m, 227 
m disputed parentage, 387 et seq 
of stains, 41S 
of postmortem blood, 419 
preparation of immune sera for, 219 
preparation of testing fluids for, 222 
racial distnbution of, 325 
ttcbiac of testing for, 219 et seq 
temperature and tests for 226 
variations in M and N agglutinogens in, 
223 

Mongolian invasions and gene B 318 
Monkeys, Wood group factors in 30, 334 
et seq 

individual differences in the blood of 347 
M agglutinogens in, 343 
Mother and child, urompatibilicy of bloods 
of, and disease 367, 369 
bfotber*child combinations, blood groups 
m, 182. 183, 192 
M-V types in, 235, 241 
subgroups of groups A and AC m, 212 
Mucus, stains of, grouping of, 417 
Mulufde ailelism, ISO 

ifultiple syringe method 'of transfusion, 
101 

Mummies, blood grouping of, 121 
hlutation theory of origin of the blood 
groups. 313 

K 

hvegrem, assl'4f»'i®g«» peculiar to the blood 

of. 329 

azslutinogen P in blood of 323 
blood groups and subgroups in, 303 322 
Rh factor in, 329 
S and s types in 328 
New-born, blood groups m 21 
M-N types m, 230 

subgroups of groups A and AB m, 202 
S and s types in 230 
Ne» York courts, blood tests in 397 
Nomendature of the blood groups 8 
Nonparentage, proof of, by blood te*ts 380 
el seq 

Von sectetor, ire S and s types 
Vonnal curve. 169 

Normal <altne solution, use of as a blood 
substitute, 146 

use of, for preparing hlood suspensions, 12 
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O 

0, see Agglutinogen 0, anti-0 agglutinins 
Obstetrical emergenaes, blaod transfuaons 
in, ?8 

Opsonins, group-spcafic, 

Optima] proportions. 404 
Orang ulans, blood groups m, 333, 343 
Organs, grouping tests on, 419 
group-specific substances in, 272 et seq 
Origin of the blood groups, 316, 336 
O substance, 283, 290, 291 
Or serum, tee Boiune serum 

P 

F agglutinogen, absence of, from secre- 
tions, 294 
and sex, 26] 
heredity of, 258 
in disputed parentage, 391 
linkage relations of, 261 
technic of testins for, 256 
testing sera for, 236 
varieties of, 239 

PanaggJutinable erythrocytes, 47 
Panagglutination, 39, 46 
Parabiotic twins, 346 

Paraffin lined tubes for transfusions, 56 102 
Paraffin nrig slides, use of, for btood group- 
tng, IS 

Paratyphoid B bacilli, antisera for, anti*A 
agglutinins and sheep cell lysins in, 
333 

Parentage, disputed, blood tests and, 380 
et seq 

Paroxysmal hemoglobinuria, autohemolysins 
10,41 

Pateniity cases, agglutinogen P in, 391 
chances of exclusion in, by blood group- 
ing, 3S3 

by the M N tests, 387 
court decisions regarding blood tests in, 
383, 392 et seq 

procedure for carrying out Uood tests id, 

Rh tests in, 391 
S and s types in, 390 
subgroups of groups A and AB in, 391 
Pathology, blood groups and, 363 et seq 
Pectin as a blood substitute, 148 
Pennells method of blood transfusion. 111 
Pepsin, commeraal, group A sob<Unce in, 
289 

Peptic ulcer, bleeding, blood transfusion for, 
78 

Peptone commercial, group A substance in, 
338 

Pencardial fluid, isoagglutinins in, 294, 419 
group-specific substances in, 274 


Permeability of the placenta to antibodies, 
25 

Peraicjous anemia, blood transfusion m, 84 
Phagocytosis of erythrocytes, 33, 54 
Phenotype, definition of, 3 
Phlebotomy, technic of, 95, 141 
Pigeon blood, 356 

Pig blood, A like agglutinogen in, 341 
indmdual differences in, 351 
Placenta, as a neutral tone, 367 
filtration of maternal antibodies through, 
23. 367 

group-specific substances in, 273 
Plasmapheresis, 90 
Pla^na bank, 136 

Plasma, conversion of, into *crum for trans- 
fusion ISO, 155 

Plasma proteins, purified, for transfusion, 
159 

Plasma transfusion 145 et veq 
dned plasma and »erum, 155 
hypertonic plasma for, 152 
in burn shodc, 82 
in hemorrhage, 80 
ID traumatic shock, 81 
merthiolate as a preservative in, 154 
pooling in relation to 150 
reactions following, 152 
serum and plasma compared 149 
technic of, 153 et seq 
toxicity iKl for 155 
Platelets, life of, 76 
Poisoning, blood transfusions for, 88 
Pooling of plasma to eliminate tsoagglu- 
tinins, 18, ISO. 154 

Polysacchandes and group-speafic sub- 
stances, 290 

Porcelain plates, blood groupmg in, 14 
Poslraortem blood, grouping of, 47, 418 
transfusion of, 69 

Precipitation, group-specific, 32 2gS 
PcecipiPn test for group-*peafic substances 
A and S, 285 

Preapitin test for human blood, 401 et seq 
ose at aati Iremcghbia <era in, 403 
Pregnancy, btood transfusions in, 66 
helero«peeific, 367 

isoimmunization m, 55, 65, 117, 269 
macrocytic anemia of, transfusion for, 85 
Pre-operative blood transfusion 82 
Preservation, of blood cells for typing, 12, 
227 

nf blood groupmg sera, 13 
of anti M arid aati A' sera, 220, 224 
Preserved blood, see Stored blood 
Primates, blood group factors in, 332 et 
seq , also see Anthropoid apes, Monkeys 
Probabilities, elementary theorems in, 167 
et seq 
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Probability cur\e, 169 
Probable error, definition of, 169 
of a difference, 305 
of a frequency, 170 

of Bernstein’s blood group relation, Jfr*. 
424 

of gene formulae for M and N’, 239 
Professional blood donors, 63 
Prothrombin in reconstituted plasma, 1S9 
in stored blood, 139 

Pseudoajrflutuiation 36 et seq , also Jee 
Rouleaus formation 

as source of error in blood groupmg, 36 
differentiation of, from isoaggluUnation, 
44 

in relation to blood transfusion, 119 
Purpura hemonbagica, blood transfusions 
in, 84 

0 

Q aggluUnogen, 360 

R 

Rabbit blood, B agglutinogens in, 292, 340 
individual differences in, 357 
Rabbits, production of anu A and anti B 
immune <era in, 36, 339 
Racial distribution of the blood groups. 
295 tt 

effect of isolation on, 309 
effect of raaal aossiog on, 310, 337 
Racial distribution, of agglutuiogen P, 32S 
of the il'M types, 325 
of the Rh factor, 329 
of the secretor type, 328 
of the subgroups of groups A and AB, 
322 

Racial origins, blood groups and 320 
Rat blood, agglutinogens of, 359 
Rate of transfusion, 111, 1S9 
Raynaud s syndrome, autoagglutioatioD in, 
40 

Reactions following mtrarauKular injection 
of blood, 127 

Reactions to transfusions, J« Transfusion 
reactions 

Reapienl, universal, 60 

Rectangular coordinates, 306 

Red blood cells, 12, 21, also i« Blood cells 

Red Cross, 63 

Renal failure following blood transfusion, 
120 

pathogenesis of, 124 
Results of blood transfusions, 77 et «eq 
Rhesus factor, set Rh factor 
Rhesus monkeys, blood group factors m, 333 
M agglutinogens in blood of, 343, 333 
Rh factor of Landsteiner and Wiener, 245 
et seq 

and agglutmogen P, 261 


and erythroblastosis fetalis, 369 et seq 
and set, 250 

and the blood groups, 253 
and (he M-V types, 2S2 
constancy of, 252 
dacovery of, S, S4 
heredity of, 249 
m organs and secretions, 294 
in relation to blood transfusion, 54, 65, 
116 

subdivisions of the Rh positive type, 252 
(echflic of testing for, 245 
Rh-negative blood for transfusion, 66 
Rouleaux formation 36, also ire Pseudo- 
agglutination 
Rous-Tumer solution, 12 
use of, for blood Iransfuaon, 135 
Routes of transfusion, 93 
Rubber tubing, reactions caused by new, 
129 

S 

Saline, set N'onsal salme solution 
$ and s type, 275 et sect 
heredity of. 277 
in disputed paternity, 390 
Imkage relations of, 777 
racial distribution of, 328 
technic of diagnosing, 278 
Saliva, absence of factors M \ P and Rb 
from, 294 

blood group enryne in, 192 
group-specific sub<Unc« in 2SS 
method of obtaining, from infants 278 
of ape and monkeys, lets on, 335 
purified group substance from 290 
Schiff and Sasaki’s theory of heredity of 
the S and s type, 277 
Secretions, group-'pecific substance in 274 
et seq 

Secretor, 275, also irr S and s type 
Sedimentation of erythrocyte, cause of in 
creased rate of, in disease, 37 
Sedimentivc technic, 248 
Segregatran, bw of, 161 
Sciinn^ Srmd, grtrap-'pecifit m 

274, 285 

pieapitm tet for, 404 
Semmal stains, grouping of, 417 
Sera, see Tetmg sera 
Serum, group-spedfic substance in, 274 
285 

individuality of, 270 
transfusion, 149, also see Plasma trans- 
fusion 

Sex. blood groups and, 197 
M-N types and, 242 
Rh factor and, 250 
Sex linkage, 166, 374 
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Shaking machine for blood nouping tests, 
16 

Sheep blood, immune rabbit sera for, use 
of, for blood grouping, 31 
indct'idual diHerenees in, 349 
Sbeep cell lysms, m anti A immune soa, 
31, 206, 350 

m horse 'serum disease, 337 
in infectious monooodeosis, 337 
Shock, clarification of, SI 
due to hemorrhage, results of Iransfusion 
for, 79 

following blood transfusion, 132 
transfusion for, 81 

Siblmg method of measunng linkage, 37S 
Sickle-ceil anemia, blood transfusion for, 87 
Skeletal remams, blood grouping of, 320 
Skm grafting, blood groups and, 362 
Slide method of grouping, 14 
Sodium atrate, as an anticoagulant, 38, 61, 
94 

Soresi’s apparatus for blood transfusion, 109 
Species specific agglutinogens of pigeon and 
dove blood, 356 

Species specific and individual blood proper- 
ties, relationship between, 360 
Speaes specifiaty of the blood, 4 
Speed shock, 133 

Spermatozoa, group-specific suteUoces in, 
372 

Spider monkeys, blood group factors in, 
336 

Stages of agglutination reactions, 19 
Standard error, 170 

Statistical considerations, of Bemstem'a 
theory of heredity, 186 
of theory of v Dungem and Hiiszfeld, 
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